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Model SR250

Gated Integrator and Boxcar Averager Module

INTRODUCTION

The model SR250 Gated Integrator is a versatile,
high speed, low cost NIM module designed to
recover fast analog signals from noisy
backgrounds.

The SR250 consists of a gate generator, a fast
gated integrator, and exponential averaging
circuitry. The gate generator, triggered internally

or externally, provides an adjustable delay from a
few nanoseconds to 100 milliseconds, before it
generates a continuously adjustable gate of 2
nanoseconds to 15 microseconds. The delay may
be set by a front panel potentiometer, or
automatically scanned by a rear panel input voltage
in order to record entire waveforms.

The fast gated integrator integrates the input
signal during the gate. The output from the
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TRIGGER
The unit may be triggered internally or externally, The internal rate
generator is continuously variable from 0.5Hz to 20KHz in 9 ranges. The
external trigger pulse may be as short as 5nS. A green LED blinks with
each trigger.

DELAY

The delay of the sample gate from the trigger is set by these controls. The
delay scale is multiplied by the setting on the 10-turn dial, allowing
continuously adjustable delays from a few nanoseconds to 100mS. The
delay multiplier may also be controlled by a rear panel input voltage for
scanning gate applications.

WIDTH
The width of the sampling gate may be continuously adjusted from 2nS to
15uS over 8 width ranges.

SIGNAL

The sensitivity of the instrument (volts out/volts in) may be set from 1V/1V
to 1V/SmV. An input filter rejects unwanted signal before it is sampled by
the integrator. A 10-turn INPUT OFFSET control may be used to
compensate for an unwanted input offset.

An AVERAGE OUTPUT provides a moving average over 1 to 10K samples.
The reset button is used to reset the average to zero. The average may
also be reset by a rear panel logic input.

Both the TRIGGER and the SIGNAL inputs have a 1MQ input impedance
and may safely handie 100 volt inputs without damage.

The SIGNAL INPUT is passed out to the SIGNAL OUTPUT for termination
and for gate timing: The GATE output shows exactly which portion of the
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-input signal is being sampled. The BUSY output provides a TTL

synchronizing pulse when the unit is triggered. The LAST SAMPLE output
provides a voltage proportional to the latest input signal averaged over the
gate.

Figure 1 - SR250 Front Panel
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SPECIFICATIONS

Offset Control

4 ™
TRIGGER
Internal Trigger The rate generator is continuously adjustable from .5Hz to 20KHz in 9 ranges.
Line Trigger The gate generator may be triggered from the power mains with adjustable
phase.
External Trigger The gate generator may be triggered by the EXTERNAL TRIGGER INPUT.
1 MQ input impedance. Trigger threshold adjustable from 0.5 to 2V. The
input is protected to +/- 100 VDC. The trigger puise must be over threshold
for at least 5nS and have a rise time shorter than 1 uS.
Manual Trigger The unit will trigger once if the trigger threshold is scanned through 0 VDC.
L Trigger LED The Trigger LED blinks with each trigger. )
-
DELAY
Delay Scale Delay scales from 1 nS to 10 mS may be selected.
Delay Multiplier A 10-turn dial is used to select a delay multiplier from 0 to 10.
Accuracy 2 nS or 5% of the full scale delay, whichever is larger.
Jitter Less than 20 pS or 0.01% of the full scale delay, whichever is larger.
External Delay Control Rear panel input voltage from 0 to 10 VDC overrides the front panel delay
multiplier. This input is used by the SR200 Gate Scanner Module to scan the
sample gate in order to record entire waveforms.
Note: A ftrigger discriminator delay of about 25 nS must be added to the gate delay
when external triggers are used.
. W,
e A
WIDTH
Width Scale 1, 3, 10, 30, 100, 300nS, 1, 3uS.
Width Multiplier Continuously adjustable from x1 to x5.
Width Accuracy 2nS or 20% of full scale, whichever is greater.
Minimum Width 2nS, FWHM.
\. J
r ™
SIGNAL
Sensitivity The sensitivity, volts out/volts in, may be set from 1V/1Vto 1V/5mVina1,2,5
sequence. The sensitivity calibration is accurate to 3% for gate widths longer
than 10 nS. The sensitivity decreases to about 50% of nominal at a gate width of
2nS.
Filter An input filter allows coupling of DC, AC above 10 Hz, or AC above 10 KHz.

A 10-turn potentiometer adds an input offset of £0.4VDC. When using very
narrow gates, the offset may need adjustment if the gate width is changed.

Over Range LED A red LED indicates if the signal is greater than 2 VDC or if the LAST SAMPLE
output is greater than 10VDC.
\. y,
e )
LAST SAMPLE
Output A +10VDC full scale output with an output impedance of less than.1Q and a
10maA drive capability. The short circuit output current is limited to about 20mA.
The droop rate at this output is less than 0.2% of full scale per second.
Polarity The polarity of the LAST SAMPLE output may be inverted by a rear panel switch.
L Responsivity 95% (no more than 5% of the previous last sample remains.) J
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Remote Reset
Average Output

Average Polarity and
Baseline Subtraction

Toggle Output

-
AVERAGING
Samples An exponential moving average may be taken over 1, 3, 10, 30,... to 10,000
samples or LAST may be selected for no averaging.
Reset Front panel push button resets the moving average to zero.

Rear panel BNC input resets the moving average with TTL low or switch closure.
BNC output, +10 VDC full scale, with an output impedance of less than 1Q,

and a 10mA drive capability. Short circuit current limits at about 20mA. When
there are no triggers the droop rate is less than 1% per minute on 1 to 30
samples, and less than 0.01% per minute for 100 to 10K samples in the average.
This implies a droop error of less than 1% of full scale for trigger rates >1Hz.

A rear panel switch selects the polarity of the LAST SAMPLE before it is added to
the moving average. This may be used to invert the polarity of the AVERAGE
OUTPUT. The switch may also be set to the TOGGLE position, in order to subtract
every other sample from the moving average. By triggering the unit at twice the
experiment's repetition rate, so as to sample only the baseline on alternate
triggers, the baseline will be subtracted from the moving average.

A rear panel BNC provides a TTL signal that changes state with each trigger. This
output is used with the Active Baseline Subtraction feature to indicate if the next
sample will be added to, or subtracted from, the moving average. The toggle
output is capable of driving 50Q lines to +2 VDC.

\. _/
4 ™

SIGNAL INPUT AND OUTPUT

Signal Input 1MQ input impedance, +2 VDC usable range, protected to 100 VDC. The input
oftset drift is less than 0.5mV per hour after a 20 minute warm-up. Shot noise at
the input is less than 0.5mV. Coherent pickup is less than 5mV, which may be
cancelled with the input offset control in fixed gate applications.

Signal Output The SIGNAL OUTPUT is the input signal delayed by 3.5nS. This output is used to
terminate the input signal, and to precisely time the sample gate with respect to
the output signal.

. y,
e ™

GATE AND BUSY OUTPUTS

Gate Output A 200mV output pulse marks the exact position of the sample gate with respect
to the output signal. Position accuracy is +1nS. This output must be
terminated into a 502 load.

Busy Output This TTL output is used to synchronize the experiment to the internal rate
generator (if it is used) or to signal the data acquisition computer that the unit has
been triggered. The output will drive 50Q lines to 2 VDC, and is logic 1 from the
time of the trigger until the unit is ready to accept another trigger input. (A

L minimum of 45uS, longer for long delays or gate widths.)
e ™\

GENERAL SPECIFICATIONS

Power Supplies +24V/135mA, +12V/380mA, -12V/230mA, -24V/150mA. Approximately 14
Watts. Power from a NIM standard crate or from Stanford Research Systems
mainframe model SR280.

Mechanical Dual width NIM standard enclosure per TID-20893. Dimensions
2.7"x8.714"x11.5".

Warranty 1 year parts and labor on defects in materials or workmanship.

\ v,
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integrator is then normalized by the gate width to
provide a voltage which is proportional to the
average of the input signal during the sampling
gate. This signal is further amplified according to
the front panel sensitivity setting. Then it is
sampled by a low droop sample and hold amplifier,
and output via a front panel BNC connector. This
LAST SAMPLE output allows the experimenter to do
a shot-by-shot analysis of the signal being studied,
and makes the instrument a particularly useful
component in a computer data acquisition system.

A moving exponential average over 1 to 10,000
samples is available at the AVERAGED OUTPUT.
This traditional averaging technique is useful for
puliing small signals from noisy backgrounds. As
one averages many noisy samples of a signal, the
average will converge to the mean value of the
signal, and the noise will average to zero. In the
case of a random white noise background, the
signal-to-noise ratio increases as the square root of
the number of samples in the average. This allows
a S/N improvement of a factor of 100 using this

technique alone.
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POLARITY CONTROL AND

ACTIVE BASELINE SUBTRACTION

The Polarity of the Last Sample and Averaged Outputs is
controlled by rear panel toggle switches. If the Average switch is in
the Toggle position the polarity of the last sample is inverted on
every other shot before being added to the moving average. This
feature is used to subtract the baseline from the Average Output.
For this feature to operate, you must use the Active Baseline
Subtraction logic output to disable the experiment on alternate
triggers. The Last Sample Polarity control provides a simple way to
interface the device to unipolar ADC's.

EXTERNAL DELAY CONTROL

The External Delay Control Input allows the user to control the Gate
Delay with a voltage. The voltage applied to this input overrides the
front panel delay muttiplier.

AVERAGE RESET

The Average Reset input will accept a TTL low level or a switch
closure to ground to reset the moving average output. If the input
is held low for at least 1uS, a 2mS reset pulse is generated
internally, resetting the moving average.

Figure 2 - SR250 Rear Panel
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In addition to this traditional technique, the
averaging circuitry may be used to actively subtract
a baseline drift or background from the signal of
interest. This is accomplished by taking input
samples at twice the repetition rate of the
experiment, inverting the baseline sample
acquired when the signal is not present, and
adding it to the moving average. This method of
cancelling baseline drift is analogous to phase
sensitive detection which is used in frequency
domain measurements.

OPERATION

This section will describe the operation of the
SR250 Gated Integrator and Boxcar Averager
Module. The instrument's controls and input and
output characteristics will be discussed.

While there are several modes of operation, by far
the most common application of the SR250 is to
sample an input voltage at a fixed time from an
input trigger. The time delay from the input trigger
to the start of the sample gate is set by the front
panel delay controls: the width of the sample gate
is set by front panel delay controls.

EXTERNAL TRIGGER INPUT

The gate generator is usually triggered externally.
The external trigger input should be a clean signal:
if the trigger is marginal or noisy, then the gate will
jitter in time. You should avoid excessive high
frequency noise on this or on any other input or
output to the Boxcar (such as may be created by
laser Q-switches, discharges, or spark gaps).
Other important characteristics of the trigger signal
are:

Amplitude: The trigger pulse must be at least 0.5
volts, preferably should not exceed 5 volts, and in
no case is to exceed 100 volts. Positive or
negative trigger inputs are okay. The trigger
threshold is set between 0.5 volts and 2 volts by
the threshold knob. The unit will trigger when the
trigger input exceeds the set threshold.

Duration: For reliable triggering, the trigger must
remain over threshold for at least 5 nanoseconds.

Risetime: The trigger input is AC coupled to the
trigger discriminator. The time constant of this

circuit is about 10uS, therefore, external trigger
inputs must have a risetime of less than 10uS.
This AC coupling makes the trigger circuit immune
to DC shifts at the trigger input, and allows the unit
to trigger on the falling edge of a long positive logic
pulse. If the logic pulse is high for at least a few
milliseconds, then the unit may be triggered on the
differentiated falling edge of the pulse by setting
the trigger threshold to a small negative value.

Frequency: The maximum external trigger rate is
20KHz. This maximum is reduced if long gate
widths or delays are used. The external trigger
source should not try to trigger the unit while the
BUSY output is high, otherwise the trigger may be
missed or the unit may trigger erratically.

DELAY

When triggered, the unit will generate a gate, and
the input signal will be sampled while the gate is
on. The delay from the input trigger to the start of
the sample gate is set by the front panel delay
controls. A DELAY SCALE of 1nS to 10uS may be
selected. The DELAY MULTIPLIER, a 10-turn dial,
may be set from 0 to 10.0. The actual delay is
equal to the DELAY SCALE times the DELAY
MULTIPLIER, plus a nominal 25nS trigger
discriminator delay.

WIDTH

The width of the sample gate is set by the front
panel width controls. Gate widths from 2nS to
15uS may be set by selecting the appropriate
WIDTH SCALE and WIDTH MULTIPLIER. Do not
select gate widths shorter than 2nS, since the
sensitivity of the instrument reduces dramatically
under these conditions.

SIGNAL INPUT

The signal to be sampled is applied to the signal
input. This input has a 1 MQ input impedance, and
is passed to the SIGNAL OUTPUT via 3.5nS of
internal coax delay line. In many applications, the
signal cable should be terminated into 50Q. If it is
necessary to terminate the input signal this should
be done at the SIGNAL OUTPUT BNC connector,
and not at the SIGNAL input. The input signal
should not exceed + 2 volts, otherwise the
instrument's input buffer amplifier may saturate. |f
this happens, the OVER RANGE LED will turn on.
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Input signals with a DC component of up to 50
VDC are okay if the INPUT FILTER is on either the
10Hz or 10KHz range. The SIGNAL input is
protected against damage for input signals up to
100 VDC.

GATE OUTPUT AND SIGNAL OUTPUT

The GATE and SIGNAL OUTPUT show the exact
timing relation of the sample gate with respect to
the signal. The sample gate position is marked by
a +200mV output pulse. To overlap the sample
gate onto a particular portion of the signal, use
equal lengths of coax cable to bring the GATE and
SIGNAL OUTPUT to the inputs of a dual channel
oscilloscope. The GATE output cable should be
terminated into a 50Q load. You may also need to
terminate the SIGNAL OUTPUT cable into 50Q.
Trigger the oscilloscope with the Boxcar's BUSY
output, and adjust the DELAY MULTIPLIER to
position the gate output with respect to the signal
output. The timing accuracy of the gate and signal
outputs is 1nS.

SENSITIVITY

The SENSITIVITY switch selects the gain of the
instrument in volts out/volts in. The sensitivity may
be set from 1V/V upto 1V/5mV. The OVER RANGE
LED will turn on if the sum of the input signal and
the input offset, averaged over the sample gate,
exceeds ten times the sensitivity (i.e. the LAST
SAMPLE output exceeds 10VDC). You can make
the OVER RANGE LED go off by (1) reducing the
SENSITIVITY setting, (2) adjusting the INPUT
OFFSET control, (3) reducing the signal amplitude,
or {4) by changing the INPUT FILTER.

INPUT OFFSET

This 10-turn knob is used to add a DC offset to the
input signal. The offset may be set from +0.4 to
-0.4 VDC. Note that this is an offset control, as
opposed to a position control, and behaves
accordingly when the SENSITIVITY switch is
changed. Also, this input offset is not affected by
the position of the INPUT FILTER switch.

INPUT FILTER
The INPUT FILTER switch allows you to reject

unwanted signal components before they get to
the gated integrator. DC drifts are eliminated on

either AC range. The AC filters have a 6 dB/octave
roll-off, and so the 10KHz filter will reject 99.6% of
an unwanted 60Hz noise signal. On either AC
range the input is capacitively coupled, allowing
photomultiplier anodes to float up unless an
external resistance to ground is provided.

LAST SAMPLE OUTPUT

The LAST SAMPLE output has a full scale range of
+10VDC. The output is able to drive any load
greater than 2KQ to full scale. The output
impedance is less than 1Q, and has a short circuit
current limit of 20mA. The analog voltage, V, at the
LAST SAMPLE output, valid after the BUSY output
returns to its low state, is given by:

V = Average of In ring Last Gate
Sensitivity Setting

The polarity of the LAST SAMPLE output may be
inverted by a rear panel switch. You may wish to
invert the LAST SAMPLE output in order to obtain a
positive output from a negative photomultiplier
input.

AVERAGING

The AVERAGED OUTPUT provides an exponential
moving average over the number of samples
specified by the SAMPLES selector. If 300 samples
are selected for the moving average, the
AVERAGED OUTPUT will come to 67% of its final
value after 300 triggers. The RESET button may be
used to reset the moving average to zero. A rear
panel BNC input may also be used to reset the
moving average. The AVERAGED OUTPUT has an
output impedance of less than 1Q and a short
circuit current limit of about 20mA. The polarity of
the AVERAGED OUTPUT may be inverted by a rear
panel switch. This switch also allows the polarity of
the current sample to be inverted on alternate
triggers, a feature that is used in the ACTIVE
BASELINE SUBTRACTION mode, which will be
described later.

The averaging circuits use a sample and hold
amplifier which has a very small drift that can be
neglected in most applications. When triggering
stops, the AVERAGED OUTPUT drifts less than 1%
per minute on 1 to 30 sample averages and less
than .01% per minute for 100 to 10K sample
averages. This implies an error of less than 1% of
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full scale in any moving average for which the
trigger rate is greater than 1Hz.

BUSY OUTPUT

The BUSY output is a TTL output, capable of
driving 50Q loads to 2VDC, which goes high from
the time the unit is triggered until the unit is ready
for another trigger. The BUSY output goes high for
a minimum of 45uS, but will stay high longer if long
gate delays or widths are selected. The BUSY
output has several uses, including: (1) indicates
when the unit is busy, and so when external
triggers should not be applied, (2) may be used to
trigger other Boxcars, (3) may be used to
synchronize an experiment to the Boxcar's internal
rate generator, (4) may be used to tell the data
acquisition computer that the unit has been
triggered and that a new sample is available, and
(5) may be used to trigger an oscilloscope to help
time the sample gate with respect to the signal of
interest. Although it is not necessary to terminate
the BUSY output to 509, it is advisable. The BUSY
output has a 1nS risetime and so a substantial
reflection will occur if the it is not terminated.

ACTIVE BASELINE SUBTRACTION

In addition to the passive baseline subtraction
described in the examples, there is another
method of eliminating baseline drift called Active
Baseline Subtraction. This feature allows the
Boxcar Module to subtract baseline drift from the
AVERAGED OUTPUT signal. The baseline is
removed by taking samples at twice the repetition
rate of the experiment, inverting the sample taken
with no signal present (only baseline), and adding
it to the moving average. This technique is similar
to phase sensitive detection in that the baseline,
which is not synchronous with the signal, is
cancelled from the output. To use this feature the
AVERAGE POLARITY CONTROL switch on the rear
panel must be set to the TOGGLE position, which
will automatically invert the LAST SAMPLE on every
other trigger before it is added to the moving
average. Of course, the signal must be present
only on every other sample, so that only the

baseline is subtracted from the moving average.
To facilitate this, a rear panel output, ACTIVE
BASELINE SUBTRACTION, will toggle with each
trigger to tell the experiment when to allow and
when to inhibit the signal. The INPUT OFFSET
control may appear not to work when in this mode,
however this input offset is actually being
cancelled from the moving average. When using
Active Baseline Subtraction you should average
over 30 or more pulses in order to avoid a choppy
AVERAGED OUTPUT signal. Proper adjustment of
the INPUT OFFSET control will also help reduce this
effect.

EXTERNAL DELAY CONTROL

A control voltage applied to this rear panel BNC
input overrides the front panel DELAY MULTIPLIER
dial. The delay control voltage may be set from 0 to
10.0 VDC. This control input may be used to scan
the sample gate in order to record entire
waveforms. The input impedance varies from
10KQ to 16.6KQ depending on the DELAY
MULTIPLIER dial setting; this impedance terminates
to a voltage equal to the DELAY MULTIPLIER
setting. There are two consequences of these
input characteristics: (1) control signals applied to
this input should come from a low impedance
source (such as the SR200 Gate Scanner
Module), and (2) you may use the EXTERNAL
DELAY CONTROL input as an output in order to read
the DELAY MULTIPLIER dial setting. The output
impedance also depends on the delay setting,
from 10KQ at 0.0V to 16.6KQ at 10.0V. Beware
that if you draw current from this ‘input’ the DELAY
MULTIPLIER will be affected, and may appear to be
malfunctioning.

AVERAGE RESET

As previously described, the AVERAGE RESET
input may be used to reset the voltage at the
AVERAGED OUTPUT to zero. This input has an
internal 10KQ pull-up to +5VDC. A TTL low or
switch closure to ground will reset the moving
average. The input must be held low for at least
1uS, which will trigger an internal 2mS reset pulse
which clears the averaging capacitors.
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Glass Wedge
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Pulsed Dye Laser Energy Meter
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Spectrometer Trigger
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Figure 3 - Experiment For Application Examples

APPLICATIONS 1) The laser pulse width is 8nS.

2)There is a 40nS delay in the photomultiplier,
This section will illustrate some specific operating from the time photons strike the photo-cathode
examples using the SR250 Gated Integrator, until the anode signal is seen.
together with other Boxcar System components. 3)Decays from the final state are very fast; the
Although the specific examples involve data lifetime is less than the laser pulse length.
acquisition in pulsed laser experiments, many of 4)The laser induced signal is expected to be only
the concepts and techniques introduced in these 25% of the background and is only present
examples are applicable in other areas of research. during the laser pulse. The experimenter wants

a final Signal/Noise ratio of 5:1.
PULSED LASER DATA ACQUISITION

In this example, excited state atoms in a gas
discharge are to be transferred to a different
excited state by a pulsed dye laser. Figure 3
shows the experimental arrangement for this and
the other examples. The transfer will be inferred
by the increased fluorescence from the final state
as the dye laser frequency is tuned through the
transition frequency. The experiment is difficult
because the background fluorescence signal from
final state atoms excited by the discharge is larger
than the laser induced signal. The desired result is Dye Laser Frequency
shown in Figure 4.

Signal

Other details of the experiment, are shown in Figure 4 - Desired Result for Example 1
Figure 5, and summarized here:
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Figure 5 - Experimental Timing Details

The Boxcar Averager system for this experiment is
shown in Figure 6. The SR280 Mainframe
bar-graph display is used to show shot-by-shot
data, while the digital and analog panel meters are
used to display the Boxcar outputs. The timing of
the sample gate with respect to the laser induced
signal is a very important aspect of this signal
recovery problem. To maximize the S/N of the
result it is important to gate the integrator open
only while the S/N is favorable: we must be certain
to look only during the 8nS laser pulse. To simplify
this timing, the SR250 has signal and gate
outputs; the signal output is the same as the
signal input, but internally delayed by 3.5nS of
coax cable. This delay is added to provide an exact
coincidence between the signal and gate outputs.
Using a dual channel oscilloscope, usually in the
ADD mode, the gate can be accurately positioned
over the portion of the signal for which the laser is
on.

As shown in Figure 3, a reflection of the laser off a
glass wedge is used to trigger the unit via a fast
photodiode. The BUSY output from the SR250 is
used to trigger the oscilloscope, and equal lengths
of cable are brought to the oscilloscope's A and B
inputs from the GATE and SIGNAL OUTPUT for the
gate timing. The gate can now be accurately
positioned over the signal by adjusting the DELAY
MULTIPLIER. (lf the laser induced signal is too small

to be seen for timing purposes, one could tune
the spectrometer to the laser frequency and rely
on scattered laser light to time the gate to the
signal.) Because the photomultiplier delay (about
40nS for a 12 stage PMT) is greater than the 25nS
minimum gate delay of the SR250, no cable delay
is required to slow the signal from the PMT. And,
since the unit is triggered by the laser light, there
will be virtually no jitter of the gate with respect to
the signal. Low timing jitter is important, as we will
be using an 8 to 10nS gate in this experiment. f,
because of a long trigger delay, we were forced to
use a less stable trigger, the S/N of the experiment
would be adversely affected.

In this hypothetical experiment, the S/N of each
sample is 1:4. To achieve the desired 5:1 S/N an
enhancement of 20 is needed, requiring that
about 400 shots be averaged. Knowing this, we
select the closest averaging interval, 300 samples,
which will give a S/N enhancement of a factor of
17. If the laser is operating at 10 Hz, the effective
time constant is 30 seconds: we must be sure not
to scan the laser through the transition too quickly.

Data is recorded by displaying the average output
on the y-axis of a strip chart recorder as the laser is
slowly scanned over the frequency region of
interest.
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THE BASELINE PROBLEM

In the preceding experiment, we would have used
the 10KHz input filter on the signal input: there are
no signal components of interest below 10KHz,
and so this measure will reduce low frequency
noise (i.e. 60Hz and baseline drift).

You may wish to reject even higher frequencies.
There are at least two good ways of doing this.
The first is to insert a small capacitor in series with
the signal input. If the signal line remains
terminated into 50Q at the oscilloscope, and we
use a 470pF capacitor, then frequencies below
6.7MHz will be rejected with a 6dB per octave low
frequency roil-off.

The second method is actually a very effective
method of baseline subtraction. To use this
method, after completing the fast timing of the
signal and the gate, terminate the SIGNAL OUTPUT
into a shont circuit. (Make sure that this will not
damage your detector.) This probably seems like a

very bad idea at first, but recall that there is 3.5nS
of coax cable between the SIGNAL input and
SIGNAL OUTPUT. The 100% (inverted) reflection
from the short will not be seen at the input for
2x3.5 = 7nS. The inverted reflection (which is the
baseline at a time 7nS prior to the signal) is
superimposed on the input when it is sampled by
the gated integrator. If you want to sample the
baseline more than 7nS before the signal, just add
some additional coax to the SIGNAL OUTPUT before
terminating it into a short.

You may want to subtract the baseline just
following your signal (rather than the baseline just
before). To do this, we are going to sample the
reflected signal, superimposed on the baseline
(which follows the signal in time). When you do
this, you must, of course, move the gate later in
time, by an amount equal to 2 x(3.5nS + length of
your shorted coax). Since you're sampling the
reflected signal pulse, it will be inverted--you may
fix this with the output polarity controls on the back

panel of the SR250.

SRS
S48 wiiCANIOS

so.

' Oscilloscope
Photomuittiplier
Photodiode Trigger

Chart Recorder

Figure 6 - Boxcar System for Example 1
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EXAMPLE 2

Essentially the same as Example 1, only this time
we want to normalize the fluorescence signal to
the laser intensity. The Boxcar Averager System
for this experiment is shown in Figure 7. In this
instance, the Mainframe display meters are used to
show the signal intensity shot by shot, the
averaged signal intensity, and the averaged laser
intensity. The fast timing of the signal is done as
before, and Passive Baseline Subtraction done
with a shorted coax cable attached to the Signal
Output. A second SR250 is used to integrate the
output of an energy meter. The time response
from the energy meter is much slower than from
the PMT, and so we will use a much longer gate at
a later time to sample its output. This is possible
because all the boxcar modules have entirely
independent gates. Both boxcar units are set up
to average over 300 samples, and the second
Boxcar is triggered from the BUSY output of the
first Boxcar. The average outputs are ratioed in an
SR235 Analog Processor, and the result, Signal

Intensity vs. Laser Energy, is displayed on a strip
chart recorder.

In order to extend the dynamic range of this
experiment, we could select F(x)=In(a/b) from the
Analog Processor. This would display signal
changes between 10mV and 100mV as
predominantly as changes between 1V and 10V.

EXAMPLE 3

In this example, we want to record the lifetime of
the excited state by observing the exponential
decay of the population from that state. To do this,
we will tune the laser in order to promote atoms to
the state of interest, and slowly scan the gate
delay, recording the normalized signal intensity
versus gate delay. The Boxcar Averager System
for this experiment is shown in Figure 8. Here, the
Mainframe display meters are used to show the
laser intensity (shot by shot as well as the moving
average) and the averaged signal intensity. For an
excited state with a lifetime of 50nS the expected
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Figure 7 - Boxcar System
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Figure 8 - Boxcar System for Example 3

result is shown in Figure 8. The SR200 Gate
Scanner Module is used to slowly scan the gate,
and to provide x-axis and pen-lift controls to the
chart recorder. This module provides a control
voltage to the Boxcar which overrides the front
panel delay multiplier. (Electronically turning the
delay multiplier knob, if you will.)

Depending on the number of samples being
averaged, it is possible to scan the gate too fast.
Scanning too fast will distort the shape of the
decay curve, a bad thing as we are trying to
measure the lifetime of the excited state from this
curve. A very simple way to judge if this distortion
is occurring is to compare the scan with one taken
backwards, i.e.. from long delays to short delays.
The SR200 allows scans in either direction,
controlling the chart recorder motion properly in
either case.

An obvious extension of Example 3 would be to
display the log of the intensity normalized signal on
the chart recorder. Doing so will remove any laser

12

intensity fluctuations, allow direct measurement of
the state's lifetime (now a straight line on the chart
recorder), and extend the dynamic range of the
experiment.

Intensity
1

1 1 T

-
0 20 40 60 80
Time - nS

T
100

Figure 9 - Desired Result for Example 3



Model SR250

Gated Integrator and Boxcar Averager Module

NOTES ON COMPUTER INTERFACE

Several improvements in the operation of these
experiments can be achieved by controlling the
experiment and the data acquisition by a laboratory
computer. The unique ability of the Gated
Integrator Module to provide shot-by-shot data
dramatically increases the instrument's utility. The
LAST SAMPLE output (or AVERAGED OUTPUT) can
be digitized by the SR245 Computer Interface
Module and sent to the lab computer via RS232 or
GPIB. As an example of how a small computer
could be used, consider Example 1. In this case,
the effects of long term drift can be virtually
eliminated by having the computer average the

results of many short scans, rather than suffering
the consequences of the long term drift in a single
long scan.

INTERNAL TRIGGERING

In all of the preceding examples, the unit has been
externally triggered. The trigger section of the
SR250 also contains a rate generator which is able
to trigger the unit at any frequency between 0.5Hz
and 20KHz. When internally triggered, you will
want to use the BUSY output as a trigger for your
experiment. The BUSY output has a fast rising
edge (about 1nS) which precedes the earliest
possible gate by about 10nS.

13
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TIMING SPECIFICATIONS

SYMBOL DESCRIPTION MIN  TYPICAL MAX  UNIT

Trigger (See note 1)

Tyr Trigger rise time 1 uS
Tih Trigger high time 5 nS
Ty Trigger low time 3xTih nS
Tont Time from busy to next trigger S us

Busy Output (See notes 2 and 3)

Tod Busy delay from trigger 15 25 nS
Tor Busy output rise time 1 1.5 nS
Toh Busy output high time 45 50 uS

Gate Output (See note 2)

Tgd,min Minimum gate delay from trigger 25 30 nS
Tgd,set Range of settable gate delays 0 100 | mS
Tor Gate rise (opening) time 20-80% .8 1.2 nS
Tgh Gate high (opened) time 2 15K | nS
Tgf Gate fall {closing) time 20-80% .8 1.2 nS

Toggle, Last Sample, and Averaged Outputs

Toct Time from gate close to toggle out 9 10 11 uS
Tgcsv Time from gate close to sample valid 10 12 uS
Tgcac Time from gate close to average change 10 12 us
Thiav Time from busy low to average valid 0 uS
Note1: The trigger may be positive or negative. In this specification, 'High' refers
to the time over threshold, and 'Low' refers to the time below threshold.
Note 2: The output should be terminated into 50Q.
Note 3: The Busy output high time is specified for sub-microsecond gate delays
and widths. This time will be extended if longer gate widths or delays
are used.

14
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Figure 10 - SR250 Timing Diagram
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TROUBLESHOOTING

Although the SR250 is relatively straightforward to
operate, there are a few common problems that
users encounter. The troubleshooting
suggestions given here are not intended to
diagnose a unit failure, rather, they are intended to
help the user be sure that the apparent

Troubleshooting at the component level is not
recommended as there are several pitfalls for the
untrained. Factory service is available.

To start, be certain that the unit is screwed into the
mainframe, that all four power supplies are okay
(£12 and +24 VDC). When measuring the bin
supplies, beware of the 110 VAC on the pins at

malfunction is not an ‘operator error'. the bottom of the NIM connector block.
e =\
PROBLEM PROBABLE CAUSE
No trigger LED on The NIM Bin power supply is off, unplugged, or defective. The
internal trigger ranges Boxcar Module is not plugged in all the way. Bad trigger LED.
External trigger does not work The trigger threshold is set too high or the external trigger pulse
is too small (<.5VDC) or too fast (<5nS). Also, Q1 or Q2 may be
damaged from excessive inputs ( >100 VDC).
Line trigger does not work The THRESHOLD knob needs to be adjusted, or the NIM
neutral is floating (operating off an isolation transformer).
Erratic triggering Threshold is too high or triggered during the Busy period. If a
long delay scale is selected, the unit allows itself more time to
reset the delay one-shot which will extend the Busy pulse and
reduce the maximum repetition rate.
Gate delay multiplier does not work Something (such as the Gate Scanner Module) was left plugged
into the rear panel EXTERNAL DELAY CONTROL which overrides
the delay multiplier.
Cannot see the gate GATE output not terminated into 50Q, oscilloscope improperly
triggered, or gate width set below 2nS.
. y,

16



Model SR250

Gated Integrator and Boxcar Averager Module

PROBLEM

Overrange LED on

AVERAGED OUTPUT does not work

Wrong Polarity at LAST SAMPLE
or AVERAGED OUTPUT

Input offset control does not
move AVERAGED OUTPUT

Choppy output at

the AVERAGED OUTPUT

Excessive gate jitter

LAST SAMPLE erratic

PROBABLE CAUSE

Input Signal > 2VDC or the LAST SAMPLE output is greater than
10VDC. The later may be corrected by adjusting the input offset
control or by reducing the sensitivity. If the unit is not triggered,
the LAST SAMPLE output drifts at 0.1% per second. Eventually
the LAST SAMPLE output may drift to +10VDC and turn on the
Overrange LED.

Check if the rear panel switch AVERAGE POLARITY CONTROL is in
the toggle position. Reread the Active Baseline Subtraction
explanation. Check if something was left plugged into the rear
panel AVERAGE RESET.

Check the positions of the rear panel POLARITY CONTROL
switches.

In the Active Baseline Subtraction Mode it is not supposed to. All
input offsets (and Baselines) are cancelled by the Active
Baseline Subtraction circuits.

This can happen in the Active Baseline Subtraction mode when
averaging just a few shots. The chop can be reduced by
averaging over more shots or by adjustment of the input offset
control.

External trigger amplitude is too small or the rise time is too slow.
Also, gate jitter is reduced by using the shortest delay scale that
will work. Triggering too close to the Busy period (within a few
uS) may also cause the gate to jitter.

Input signal noisy or overrange. Sensitivity too high. Excessive
trigger amplitude or high frequency noise.

17
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CALIBRATION

The procedure for recalibrating the SR250 is given
in this section. Normally, recalibration is not
needed or recommended, however, if the unit has
been repaired and components replaced, then
this procedure may be required. This procedure
should be undertaken only by qualified persons.
Factory recalibration is available: please call
Stanford Research Systems for details.

This prodecure may also be used to carefully verify
that a unit is working properly: just follow the
procedure without making any adjustments. If any
adjustments are made, it is necessary to complete
the entire recalibration procedure.

POWER SUPPLY CHECK

Internally trigger the unit at 3+KHz, and trigger the
oscilloscope with the BUSY output. To check for
supply oscillation and response, look at each
supply on AC 5mV/Div, 50uS/div. Record supply
spike amplitudes. Record supply levels using a
DVM.

NIM Supplies [£1%)]

VvDC AC Spike

[<30mV]

Osc?
Y/N

Supply

vDC
+24
+12
-12
-24

Internal Supplies [£5%)]

VDC AC Spike

[<20mV]

Osc?
YN

Supply
VDC
+15
+5
-5
-15
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INTERNAL TRIGGER OPERATION

et-up: Delay= 10nSx 1.0
Width= 30nSx 3
Signal= 1V, DC, centered offset
Average= 300 Samples
Polarity=  Both Switches up
Trigger LED Working?
Line Trigger at 60Hz?

Visual Trigger 1-30Hz?
Manual Trigger Working?

e p— — p—
[y Sy Wy W—

Internally Trigger the unit at 1+ KHz. Trigger the
scope on the rising edge of the BUSY output.
Look at the BUSY output into a 50Q load.

VvV Busy Output Amplitude [1.9V to 2.3V]
__ uS Busy Output Duration [43uS to 48uS]
[ ] Trigger Rate Generator from

100Hz to 20KHz?

GATE WIDTH CHECK

Internally trigger the unit at 10+ KHz. Trigger the
scope on the rising edge of the BUSY output, and
observe the GATE output terminated into 50Q.

mV GATE output amplitude [180 - 230mv]

Width Scale  Gate Width (mult=5)
3usS ____uS [£30%]
1uS . nS [£30%)]
300nS __ nS [+30%)]
100nS __nS [£30%]
30 nS . nS [£30%]
10 nS __nS [£30%]
3nS _nS [$30%]
1nS __nS [£30%]
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GATE DELAY CALIBRATION

[ ] Adjust P13 at location B7 for 10.00VDC
at CW mark of P14 @ A7.

[ ]Adjust P12 at location B5 for 10.1VDC
across R54 at location B5.

[ 1 With the delay scale set to 1uS and the
delay multiplier at 1.00, adjust P4 at
location C5 for 1.00uS from BUSY to GATE.

Measure and record the time from the rising edge
of the BUSY output to the start of the GATEoutput.

Trig DelayScale Mult=10.0 Mult=0.0
10K 1 nS nS nS
10K 10 nS nS nS
10K  100nS nS uS
1K 1 us puS usS
1K 10 uS uS uS
100 100uS uS mS
100 1 mS mS

10 10 mS mS

LAST SAMPLE OUTPUT
Setup:  Internal Trigger at 100 Hz
Width= 3uS x 3
Delay=10nS x 10.0
Sensitivity =20 mV

[ 1 Adjust the offset pot to read 0.0 VDC
at the LAST SAMPLE output.

____VDC Measurement of voltage on offset
pot rear-most lug, V(sw). [<2 VDC ]

_____VDC Adjust Offset Pot for 5.0VDC at
LAST SAMPLE output. Invert last sample
output and record last sample output
voltage. [-5.00VDC]

+___VDC Last Sample output for positive
over-range indicator.[+10 VDC]

-___VDC Last Sample Output for negative
over-range indicator. [-10 VDC]

19

AVERAGED OUTPUT TESTS

Adijust offset for LAST SAMPLE=5.00VDC.
Average over 300 samples.
Trigger at 1+ KHz.

Setup:

VDC Non-inverted AVERAGED OQUTPUT

[5.00VDC]
____VDC Inverted AVERAGED OUTPUT
[-5.00VDC]
___VDC Toggle AVERAGED OUTPUT
[0.0VDC]

Place AVERAGED QUTPUT on scope,
display 0-10VDC. Select normal polarity,
and using the front panel reset button,
verify an approximate 1 second time
constant for 9 Trigger Rate/Sample
Average pairs (from 1Hz & 1 Sample to
10KHz and 10K Samples)

Verify rear panel reset operation by
shorting the input to ground.

Trigger at 1+ KHz. Average over 3K
samples. Adjust input offset for last
sample = 0.0VDC. Select TOGGLE for
average polarity then adjust P6 at
location E5 (3K sample null) so that
AVERAGED OUTPUT is 0.0VDC.

[]

[]
[]

RESET NULL ADJUST

Setup: 1KHz Trigger

Delay = 10nSx 1.0

20mV Sensitivity

Width=3ns x 3

Adjust Input Offset for Last Sample = 0V

Viewing Pin 6 on the LM318 (U18 at
location D2) adjust P8 at location D7
(Reset Null) for the best return to its

baseline at a time 50uS after reset.

[ ]
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GATE RATIO ADJUST

Setup: Trigger at 1KHz
Delay = 10nSx 1.0
Average over 300 Samples
Width = 300nS Scale
Sensitivity = 50mV
" Input offset for Last Sample= 0.0VDC
DC couple
Average Output Polarity = Toggle

Use the Toggle output, terminated into 50Q, and
Via a 220Q resistor to the Signal input as the signal
source. The Signal Output must be terminated
into 50Q. Now the Average output is a Baseline
Corrected measurement of the instrument's
sensitivity.

[ ] Verify that the signal output is a 320mV
square wave.

[ ] Carefully adjust P5 at location C3 (Gate Ratio)
for the smallest change in the AVERAGED
output as the Width Multiplier is scanned from
110 5. (This adjusts the Gate Width Ratios to
5:1 and so assures that the sensitivity is
independent to the Width Multiplier.

AC AND DC GAIN CALIBRATION

Setup: Trigger External
Delay = 1us scale
Sensitivity = .1VDC

Use the SR200 Gate Scanner to scan the delay
multipliers from 0 to 10. Use a 10uS, 500mV fast
pulse (@3KHz) as the signal input. Place the
scope in the XY mode to display the input
waveform. The Gate Output from another SR250
will do.

[ 1 Adjust the P9 at location F5 (DC gain)to get a
flat top on the observed voltage waveform.
This matches the AC and DC gains.

[ ] Observe about 40% droop of the flat-top
when the input filter switch selects 10KHz.

[ ] Observe a baseline shift when coupling
changes from DC {o AC.

SENSITIVITY CALIBRATION

The instrumment's sensitivity is calibrated in this
section. With the sensitivity set at 0.2V, a
1.00VDC input should produce a 5.00VDC
output.

etup: Trigger 1KHz
Delay = 1uS x 1.0
Sensitivity = .2VDC
Width Multiplier = 3.0
Terminate Gate Qutput in 50Q

Set the width scale to 3uS. Input0.00VDC and
adjust the input offset to give 0.0VDC at the Last
Sample Output. Input 1.00VDC and adjust P7
(Gain) at location F5 to read 5.00VDC at the Last
Sample Output.

For each Width Scale in the table below, input
0.00VDC and Adjust the input Offset for Last
Sample = 0.0. Then input 1.00VDC and record
the voltage at the LAST SAMPLE output.

Width Range LAST SAMPLE OQutput
3 psS 5.00 VDC [by adjustment]
1 us VDC [5.0V +£.25V]
300 nS VDC [5.0V £.25V]
100 nS VDC [5.0V +.25V]
30 nS VDC [5.0V £.25V]
10 nS VDC [5.0V £.25V]

[ ]Be certain to terminate the GATE output

[ 1 Adjust C121 at location C1 to calibrate 3nS
Width Scale Sensitivity.

[ 1Adjust P11 at location D2 to calibrate1nS
Width Scale Sensitivity.

[ ]Adjust P10 at location E3 for maximum flatness
of Average Out vs Width Multiplier.

With the Width Muiltiplier returned to x 3, repeat
these adjustments:

[ ]Adjust C121 at location C1 to calibrate the 3nS
Width Scale Sensitivity.

[ ]Adjust P11 at location D2 to calibrate 1nS
Width Scale Sensitivity.
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HIGH SPEED PERFORMANCE

Return to the X-Y mode to display the Fast input
waveform on the scope.

_____ nS Record the gate width setting for which
the sensitivity falls to 50% of its nominal
value [about 2 x 1nS].

___nS Record the 20% to 80% rise time of the
displayed waveform. [3nS].

nS Record the 20% to 80% fall time of the
displayed waveform. [3nS]

MODIFICATIONS

INCREASING THE SENSITIVITY

In situations where pre-amplifiers are not available,
the sensitivity of the SR250 may be increased by
an approximate factor of 10 by replacing the
integrating capacitors with smaller values. The
required changes are listed below in Figure 11.

EXTENDING THE GATE WIDTH

The SR250 gate width can be extended to 150 us
with the addition of a 0.33 uf capacitor. This
capacitor is placed in parallel with C127, which
controls the width of the gate pulse on the 3 us
width scale. The capacitor should be soldered to
the solder side of the printed circuit board,
between the right pad of C126 and the left pad of
C127 (as viewed from the component side.) A poly
or mylar film capacitor with a 5% tolerance shouid
be used. With this modification, only the 30 us
width scale is affected, and on this scale:

1) The 3 us width scale is changed to 30 ps,
allowing gate widths from 30 us to 150 ps.

2) The sensitivity is increased by a factor of 10.
This is because the gate width was made 10
times longer while the integrating capacitor
was left the same. It is not possible to increase
the integrating capacitor due to limitations on
the reset circuitry.

3) The actual gate width depends somewhat on
the repetition rate. See Figure 12 for details.

Width Integrating Board
Range Capacitor Location
1 nS c212 F4

3 nS c219 D1

10 nS c220 D1

30 nS ca21 D2
100 nS c222 D2
300 nS ca23 D2

1 us C224 D2

3 uS Cc225 c2
Notes:

Factory Action to Increase

Value (pf) Sensitivity by x10

56 Not recommended

150 Not recommended

1000 Remove C220

3300 Replace C221 w/ 220 pf
10,000 Replace C222 w/ 1000 pf
33,000 Replace €223 w/ 3300 pf
100,000 Replace C224 w/ 10,000 pf
330,000 Replace C225 w/ 33,000 pf

1) Use only silver mica, poly or mylar film capacitors.

2) Be careful not to damage the PCB with excessive heat.

3) We suggest removing only one lead of the capacitor to be replaced and attaching
the new component to the non-component side of the printed circuit board.

4) The overload light will not function properly on the 1V/V sensitivity scale.

Figure 11 - Increasing The Sensitivity By A Factor Of 10
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Gate Width vs. Repetition Rate with 0.33 pF Width Extending Capacitor
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Figure 12 - Gate Width vs. Repetion Rate After Gate Width Modification

4) The gate marker output will have some droop.
This does not affect the operation of the
device: its response is flat during the gate.

5) Beware of using the 10KHz input filter. This
filter AC couples input signals with a 15 us
time constant.

REPLACING FRONT END TRANSISTOR

Symptoms: The red OVER RANGE LED stays on
and the LAST SAMPLE output cannot be zeroed.

Supporting Evidence: Your photomultiplier anode
does not have a leakage resistor, and so is prone

to charging up the signal cable to a few hundred
volts. The last time you saw the red light off was
just before you plugged the cable into the signal
input.

Conclusion: The front end transistor, Q20, a J310
N-Channel JFET, is damaged.

Replacement: Q20 is at location G2 on the printed
circuit board. Before removing the damaged Q20,
note its orientation: the silk screen legend on the
circuit board is wrong. The new J310 must go in
opposite to the legend, the same as the old J310.
No recalibration is required when replacing Q20.
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CIRCUIT DESCRIPTION

The SR250 Gated Integrator and Boxcar Averager
Module is constructed on a single printed circuit
board, mounted in a NIM compatible module. The
unit uses about 12 Watts of power from the 12 and
24 volt NIM supplies. All critical circuits use doubly
regulated supplies: the NIM +24V supplies are
regulated to +15V and the £12V supplies are
regulated to £5V. RF performance is enhanced by
use of PCB mounted rotary switches, careful
design of the PCB, and by the use of some very
fast transistors in emitter coupled configurations.
Reliability is assured by careful design and
manufacturing, and by comprehensive testing and
burn-in of every unit.

TRIGGER CIRCUIT

The trigger input has a 1MQ input impedance. The
trigger input is buffered by transistors Q1 and Q2
which drive a 100Q stripline going to the trigger
discriminator, U1. If the trigger exceeds the trigger
threshold, U1 clocks the trigger latch Q3-Q86,
turning on the constant current source for the
delay one-shot. The trigger latch will be reset after
the sample gate is finished, and is disabled until
the unit is ready to receive another trigger.

DELAY ONE-SHOT

The delay capacitor, which was precharged to a
specific voltage by the Delay Precharge circuit, is
discharged by the constant current source, 1/2
U4. The value of the delay capacitor increases by
10. The precharge voltage depends on the delay
multiplier setting (or on the External Delay Control
Voltage, if used). When the delay capacitor is
discharged to about 5V, the End Of Delay
discriminator sets the End of Delay latch. The latch
output is buffered by Q12 and Q13 and delayed
by two coax delay lines. The delayed signal is
received by Q14 and Q15 which start the gate.
The delay lines delay the start of the gate by a few
nS, cancelling the insertion delay of the width
one-shot, allowing the generation of very short
gates.

WIDTH ONE-SHOT

The width one-shot is similar to the delay one-shot.
A constant current source, 1/2 U5, is turned on at
the end of the delay one-shot. A width capacitor,
selected by the WIDTH SCALE selector, is
precharged to a voltage determined by the Width
Multiplier control pot. When the width capacitor is
discharged to about 5V Q16, Q17, and 2/2 U5
latch-up, indicating the End Of Gate. This End Of
Gate is used to turn off the gate at Us.

GATE BUFFER

U6 consists of two emitter coupled pairs with
constant current sources, which are configured as
an exclusive-or gate. The output of U6 is used to
drive the bases of Q29 and Q30, very fast (4GHz)
transistors, which gate open the high speed
analog gated integrator. Part of the collector
current of transistor Q29 is passed out via the
GATE front panel connector. This output must
always be terminated into a 50Q load for proper
operation of the instrument.

SIGNAL INPUT AND OUTPUT

The SIGNAL input is passed to the SIGNAL OUTPUT
via 3.5nS of coax cable. This delay is inserted so
that there will be an exact coincidence between
the SIGNAL OUTPUT and the GATE output to allow
simple, accurate set up of the instrument. The
SIGNAL input is coupled directly, or via a .01uF
capacitor, to a 1 MQ input impedance unity gain
buffer amplifier, Q20 and Q21. The input signal is
also passed to an IC op amp circuit. The op amp
output will be used in a feedback loop to eliminate
DC drifts associated with the fast buffer amplifier
and gated integrator.

GATED INTEGRATOR

The Fast Gated Integrator consists of transistors
Q23-Q28 and their associated bias circuits. Q23
and Q28 are constant current sources that are
‘programmed’ by the input signal: for a positive
input signal the current in Q23 is reduced and the
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current in Q28 is increased. This current
imbalance is integrated on the integrating capacitor
when the gate is opened. A difference amplifier,
3/4 of U16, compares the imbalance to the input
signal and makes minor adjustments to the current
sources to eliminate drift. The low frequency gain
of the gated integrator is set by P9 to match the
high frequency gain (determined by the emitter
resistors of Q23 and Q28) to produce a flat
response from DC to over 100MHz. The analog
current gate, Q24-Q27, normally channels the
current imbalance to ground. When the gate drive
is applied to the gated integrator, Q24 and Q27
turn off, and Q25 and Q26 turn on, channelling the
current imbalance to the integrating capacitor. The
integrating capacitor, which was reset prior to the
unit being triggered, integrates the current
imbalance while the gate is open. The value of the
integrating capacitor changes with the WIDTH
SCALE: bigger integrating capacitors are needed
for longer gates in order to avoid saturation. When
the gate turns off, the voltage on the integrating
capacitor is proportional to the integral of the input
signal during the gate.

GATE WIDTH NORMALIZATION

We want a result from the gated integrator which is -

proportional to the average of the input signal
during the gate, not to the integral of the input
signal. To accomplish this, we must divide the
integral of the signal by the gate width. This is
done in two ways. First, as the WIDTH SCALE is
changed, the width selector switch changes both
the width one-shot capacitor and the integrating
capacitor. The ratio of these capacitors is carefully
matched on all width ranges by selecting width
compensating capacitors after the unit is burned in
at the factory. Secondly, the gated integrator
output is normaliized for the width multipliers within
a particular range. This is done by using a dual pot
for the width muttiplier: one of the pot elements is
used to change the width of the gate, while the
other is used to scale the gain of 3/4 U17. By
decreasing the gain for wider gates the integral is
normallized becoming an average.
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SENSITIVITY

The sensitivity of the unit is changed by changing
the gain of U18 which amplifies the output of the
gated integrator. This amplifier has a switch
selectable gain from 0.5 to 100. The Offset
Control is injected before U18, so that the offset is
also amplified, making it appear as an input offset
(as opposed to a position) control.

SLOW LOGIC TIMING

At the end of a sample gate, a TTL signal, 'END’, is
generated to start a 10uS one-shot, 1/2 U15. This
10uS signal is used to sample the gated integrator
output. When finished, the 10pS SAMPLE pulse
re-triggers the 10mS one-shot, 2/2 U15, to blink
the TRIG LED, and toggles the flip-flop that is used
for active baseline subtraction. 'END’ is also used
to reset the trigger latch. Upon reset, the trigger
latch clocks the one-shot 1/2 U8, initiating a pulse
which is at least 12uS long in order to reset the
Gate Delay Circuit. This pulse, 'R-DELAY", is
extended in order to allow the delay capacitor time
to precharge if the unit is using a delay range
greater than 100nS. When 'R-DELAY" ends, 2/2
U8 is triggerred, starting a 33uS puilse which is
used to (1) Precharge the width one-shot timing
capacitors, (2) reset the Gated integrator
capacitors, and (3), add the Last Sample to the
Boxcar Average. After the 33uS one-shot times
out, the cycle is complete, and the BUSY output,
which has been high during the entire cycle, is
released. When the BUSY is released, the trigger
inhibit is also removed, allowing the next trigger to
occur.

OVER RANGE LED

The OVER RANGE LED is tumed on when the input
signal exceeds +/-2VDC, or, if the LAST SAMPLE
output exceeds 10VDC. In the first case, the input
signal must be reduced, or the coupling changed
to an AC range. In the second case, the overrange
error may be eliminated by either reducing the
SENSITIVITY or by adjusting the INPUT OFFSET
control.
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INTRODUCTION

The model SR255 Fast Sampler is a high speed,
sample and hold module designed to measure
signals of very short time duration.

The SR255 consists of a trigger discriminator,
delay generator, gating circuit, sampling bridge,
and digital linearization circuit. A voltage applied to
the rear panel BNC controls the delay between the

trigger and the sample gate. The gating circuit
activates the sampling bridge with a pulse
generated by a step recovery diode and a shorted
transmission line. The line's round trip delay is set
internally to provide a gate width of 100 psec, 200
psec, 500 psec or 1 nsec. The sampled voltage is
amplified according to the front panel SENSITIVITY
switch, and digitized by an 8 bit A/D converter.
The digitized signal is adjusted by a PROM which is
customized for each unit to linearize the response

GATE WIDTH

CONTROLS
Sensitivity

Trigger Level

INPUTS
Signal Input

Trigger Input
Gate Delay

OUTPUTS
Signal Qutput
Gate View
Sample Output

Digital Qutput

GENERAL
Power

Mechanical

Warranty

Figure 13 - SR255 Front Panel

SPECIFICATIONS

100 psec, 200 psec, 500 psec, and 1 nsec.
Front panel LED indicates selection.

100mV/V, 250 mV/V, and 1 V/V (Vin/Vout).
Overrange LED indicates signal is too large.
-0.5 V for negative trigger (NIM standard).

+0.1 V for low level positive triggers.

+1.0 V for TTL compatibility.

LED blinks with each trigger. 50 KHz max rate.

Protected to +5 VDC. Z, =50 Q.
Full Scale input equals the sensitivity setting.
Protected to +5 VDC. Z, =50 Q.

1 nsec/V, 10 nsec/V, 100 nsec/V, or 1 usec/V.
Input at rear panel. Minimum insertion delay is 20 nS.
Jitter less than 10 psec +.01% of full scale delay.

SIGNAL IN is passed to SIGNAL OUT for termi-

nation, signal timing and special applications.

The leading edge shows precise timing of the

sample gate with respect to SIGNAL OUT

Provides an analog output (without droop) of the
sampled signal. Qutput resolution is 1/4% of full scale.
8-Bit digital interface for the SR245 or a computer.

Data Byte - 8 bits give the amplitude of the signal sample
including PROM linearity correction.

Status_Bvte - provides status of gate width, sensitivity, data
ready, data sign, data missed, and overload error.

+24V /100 mA, -24V /110 mA, +12V / 150 mA, -12V /35 mA,
7.5 Watts total. Power from Model SR280 Mainframe or from
a NIM Standard Crate .

Single width NIM Standard per TID-20893.

Dimensions 1.35" x 8.714" x 11.5",

One year parts and labor. This warranty does not cover
damage to the sampling bridge by excessive input.
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of the sampling bridge. The adjusted digital signal
is output via a rear panel connector. A D/A
converter provides a droopless analog output
signal at the front panel SAMPLE OUT BNC.

OPERATION

This section describes the operation of the SR255
Fast Sampier including the controls and
input/output characteristics.

TRIGGER

The module is triggered by a signal at the 50 Q, DC
coupled, trigger input . The trigger threshold may
be setto -0.5V, +0.1 V, or +1 V by the TRIGGER
LEVEL switch on the front panel . For reliable
triggering, the trigger must remain over threshold
for at least 5 nsec, and not exceed 5 volts. The
maximum trigger rate is 50 kHz (reduced when
operating on the 1 pusec delay scale.) A green LED
on the front panel flashes with each trigger.

DELAY

The delay from trigger to sample is controlled by an
analog voltage which is applied at the rear of the
unit. Apply 0 to 10 VDC to move the sample gate
from 0 to x10 the selected time base scale. The
time base is selected by a bank of four switches on
the PCB. You may select 1, 10, 100, or 1000
nS/V. These switches may be accessed through
the right side panel. In addition to the controlled
delay, there is a fixed insertion delay of about 20
nS.

WIDTH

The width of the sample gate is set by three items
on two circuit boards:

1) The shorting screw on the RF circuit board's
transmission line.

2) A switch bank on the RF circuit board.

3) A switch bank on the main board adjacent to
the switch bank on the RF circuit board.

The unit is shipped configured for a 100 psec gate
width. To change the gate width:

1) Move the transmission shorting screw from its
position closest to the input to the hole

corresponding to the desired gate width.

2) Move the RF board switch for 100 psec to OFF
and move the RF board switch corresponding
to the desired gate width to ON.

3) Move the main board switch for 100 psec to
OFF and move the main board switch corres-
ponding to the desired gate width to ON.

Both switches and the screw must be in their
correct positions for proper operation of the
module. When power is applied, the LED
corresponding to the desired gate width will light

up.
SIGNAL IN

The signal to be sampled is applied to the signal
input. The system is designed to be used with
RG58A cable. To achieve an optimally flat
response, use two meters of RG58A cable with a
BNC connector, and a BNC to N-Type converter
(part #UG 201A/U, provided with each SR255.)
The frequency response of the SR255's front end
has been peaked above 2 GHz to compensate for
the losses in 2 meters of RG58A cable, and so you
will get the best results when using this length of
cable on the signal input line. This input is passed
to SIGNAL OUT via an internal 300 psec delay line.
The signal output should be terminated in 50Q
with a high quality terminator to minimize
reflections and pulse distortion. If one is not
available, an N-type to BNC converter plus a few
meters of RG58-A cable terminated with a barrel
and a 50 Q BNC terminator will work fairly well. The
signal output aids in synchronizing the sample with
the gate and can be used for special applications
such as time domain reflectometry or
shorted-cable baseline subtraction. The input
signal should not exceed the SENSITIVITY
selection on the front panel. Above this value, the
output saturates and the red OVER LED will come
on. The input is protected to +5 VDC. Do NOT
exceed these voltage limits as repair of the front
end is expensive.

GATE VIEW AND FAST TIMING

To time the Sample Gate with respect to the Signal
use equal length cables to bring the GATE VIEW
and SIGNAL OUT to the 50Q inputs of a 300 MHz
oscilloscope. The GATE VIEW must always see a
50Q termination, so when you complete this
operation, do not leave the GATE VIEW



Model SR255

Fast Sampler Module

unterminated. The oscilloscope's finite bandwidth
will make accurate timing more difficult than is
necessary: the leading edge of the GATE VIEW
output indicates when the sample gate is being
opened. The GATE VIEW output is a pulse of
approximately 3 Volt amplitude, 50pS rise time,
with an exponential decay of about 4 nsec.

GATE VIEW RS SEEN ON
AR 300 MHz OSCILLOSCOPE

Jo—

* ACTUAL SAMPLING GATE

“ o k=1

t_ 00 TEMING WITH RESPECT TO THE
LEADING EDGE OF THE GATE VIEW PULSE

Figure 14 - Gate View

SENSITIVITY

The SENSITIVITY switch selects the gain of the
module, volts in / volts out. It can be setto 1 V/V,
0.25 V/V, or 0.1 V/V. For example, a 100 mV input
will cause a 1 V output when 0.1 V/V sensitivity is
selected. The red OVER LED will come on when
the output exceeds approximately 1 volt.

SAMPLE OUT

The analog sample output is derived from the 8 bit
digital word representing the amplified sampled
signal. lts full range scale is +1 VDC and can drive
loads greater than 1 KQ. The output impedance is
less than 1Q and has a short circuit current limit of
20 mA. The output is available 20 usec after the
signal is sampled. Each unit is custom linearized
with a PROM to insure excellent linearity and full
dynamic range.

BANDWIDTH

The Fast Sampler can be used as a sampling
oscilloscope by slowly scanning the gate delay in
order to recover a repetitive waveform. The
apparent rise time of a infinitely fast step is
approximately equal to the selected gate width.
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The -3 dB bandwidth of the unit is approximately
equal to 0.35 divided by the selected gate width.
The table below gives the available gate widths
and their corresponding bandwidths.

Gate Width  Bandwidth
1000 pS 359 MHz
500 pS 700 MHz
200 pS 1.7 GHz
100 pS 3.5 GHz

Figure 15 shows an apparent risetime of 150 pS.
This curve was taken with a 100pS risetime input
step, so the indicated gate width is 110pS. (The
apparent risetime is the convolution of the fast
sampler gate width with the input signal's rise time.)

100 pS RISE TIME INPUT
SCANNED WITH A 100 PS
GATE.

T
SAMPLE

j¢————— 1 NANOSECOND ——;{
Figure 15 - 100 pS Risetime Input

NOISE

The penalty paid for using narrow gate widths is
increased noise. Narrow gates have more noise
because of their reduced sampling efficiency and
wider bandwidth. Typical noise characteristics are
given in the table below:

Gate Width Peak to Peak Noise RMSNoise
1000 pS 1.0mvV 200 pv
500 pS 1.8 mVv 350 uv
200 pS 3.0mVv 600 puv
100 pS 4.0 mV 800 pv

= 110 pS
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Figure 16 shows base line noise over a 30 minute
period for the four different gate widths. The unit
was triggered at 1 Hz. The top curve, taken with a
1 nS gate, shows a noise which is approximately
equal to the unit's resolution. The noise increases
as the gate width is narrowed.

1000 pS

VAN N iyt

"Ul
3
<

500 pS

k——' 30 MINUTES

Figure 16 - Noise Characteristics

REPETITION RATE LIMITATIONS

The unit requires about 19 uS to trigger, sample,
convert, linearize, and rearm. Some additional time
after rearming is required to allow the delay circuit
to recharge. This additional time depends on the
selected time base delay range. The table below
lists the maximum repetition rate before a 1% time
base error occurs. Note that for applications which
do not require an accurately calibrated time delay
that the unit may be triggered at higher rates than
are indicated in the table.

Delay Base Range ~ Maximum Repetition Rate
1 nS/V 50 KHz
10 nS/V 30 KHz
100 nS/V 8 KHz
1000 nS/V 1 KHz
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TEMPERATURE EFFECTS

Both the input offset voltage drift and the gain drift
will cause less than a one bit (1/4%) error over
ambient temperatures of 20 to 60 degrees
centigrade.

LINEARITY AND RESOLUTION

The unit uses an A/D converter with 9 bits of
resolution (8 bits plus sign bit). About 400 of the
A/D's 512 output codes are used to cover the full
scale input range. This implies a resolution of 1/4
of one percent. The linearity is heid to within 1/2 of
one percent by the unit's PROM lookup table. The
linearization requires that some of the output
codes from the PROM be used twice (to compress
a signal) or be skipped (to expand a signal).
Generally, fewer than 5% of the output codes are
skipped or duplicated. Since the input noise
usually exceeds the resolution, these missing
codes do not degrade the instrument's
performance.

Figure 17 shows the high linearity of the
instrument's transfer function. The input was
scanned over 120% of the full scale input range.

0.1 V/V Sensitivity
100 pS Gate Width

101...]

..... Nessencertacanonan

0.5

.......................

Output Voltage (V)
o

......................

-50 0 50 100
Input Voltage (mV)

Figure 17 - Linearity
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COMPUTER INTERFACE

The recommended way to interface the Fast
Sampler to computers is by connecting the
SR255's to an analog I/O port of the SR245
Computer Interface Module. The Fast Sampler is
also designed to connect directly to the SR245
through a 15 pin connector on the rear panel of
the SR255 and a 20 pin connector on the circuit
board of the SR245 (Figure 19). Each Fast
Sampler in your system is assigned an address by
setting four address switches which may be
accessed through the right side panel. Even
addresses from 0 to 30 may be selected.

The Status byte and Data byte may be read by the
SC<Fn>:x and SS<Fn>:x commands where n is
the set address divided by two and x is the number
of points to be retrieved. An example SR245
command is SC1,3,F2:100. This command scans
ports 1 and 3 and a Fast Sampler with address 4
(see the SR245 manual for definitions of the SC,
and SS commands.) A single Fast Sampler Status
byte can be retrieved by addressing the module
with SD=<y> where y is the set address. Then a
7D will retumn the status byte. Similarly, a Data byte
can be retrieved with y equal to the set address
plus 1. Now a ?D will return the data byte.

There is a 15 pin connector on the rear of the
SR255 which provides a digital interface to the
SR245. This connector has 6 digital inputs, 8
digital outputs, and a common ground line (Figure
18.) The incoming lines serve as module address
lines and the out-going lines are tri-state outputs
and so several modules may be daisy-chained
together over the same digital bus.

The interface is a paralle! binary interface which
may be connected to either an SR245 computer
interface module or to an 8 bit digital I/O port of a
computer.

To interrogate the SR255 through the digital
interface you must supply the 5 bits of address (A0
to A4) and assert the RD strobe. The least
significant address bit selects the Status Byte
when low, or selects the Date Byte when high.
The Status or Data bytes are placed on the 8
output lines (BO to B7) when the module is
addressed and the RD strobe is asserted low.

The Status Byte is placed on the digital /O bus by
U408 when (1) the module is addressed (A1 to A4
match the switch settings) and (2) both A0 and the
RD strobe are low.

Designation | Description Pin o]
B7 Bit 7 of Digital Output (MSB) 13 0
B6 Bit 6 of Digital Output 5 O
BS Bit 5 of Digital Output 12 0]
B4 Bit 4 of Digital Output 4 0]
B3 Bit 3 of Digital Output 11 @]
B2 Bit 2 of Digital Output 3 O
B1 Bit 1 of Digital Output 10 (0]
BO Bit 0 of Digital Output (LSB) 2 o)
A4 Bit 4 of Module Address (MSB) 8 |
A3 Bit 3 of Module Address 15 |
A2 Bit 2 of Module Address 7 |
A1 Bit 1 of Module Address 14 |
A0 Bit 0 of Module Address (LSB) 6 |
RD Read Strobe, Active Low 9 |
GND Common Ground 1 n/a

Figure 18 - Digital IO Connector Pin Assignment Table
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The MSB of the Status byte, the Data Ready Flag,
is set on the trailing edge of the module's END
strobe. The Data Ready Flag is reset when the
data byte is read. If a second END strobe is
detected before or during the reading of the data
byte, then the Data Missed Flag, S6, will be set.
The Data Missed Flag is reset after the status byte
is read.

STATUS BYTE DEFINITION
Bit  Definition (positive logic)

S7 Data Ready Flag (cleared by a Data read)
S6  Data Missed Flag(cleared by a Status read)
S5  Overrange Error

The six least significant bits of the Status Byte are
latched on the rising edge of the Data Ready Flag.
These bits represent the state of the module at the
completion of the conversion cycle which first set
the Data Ready Flag. Because this data is latched,
another trigger will only set the Missed Data Flag,
and will have no affect on the other status bits or
the data byte. The status and data bytes must be
read before a trigger if data and status from that
trigger event will be needed.

The data Byte is placed on the digital /0 bus by
U409 when (1) the module is addressed (A1 to A4
match the switch settings), (2) AQ, the LSB of the
address is high, and (3) the RD strobe is asserted
to its active low state.

S4  Sign bit (1=positive input signal)
DATE BYTE DEFINITION
S3  Width 83 82
S2 1000 pS 1 1 Bit Description
500 pS 1 0 D7 MSB of the unsigned Data
200 pS 0 1 D6
100 pS 0 0 D5 (The sign of the data is bit
D4  S4 of the Status Byte.)
S1  Sensitivity S1 S0 D3
S0 10VV 0 1 D2
0.25 V\V 1 1 D1
0.10 VIV 1 0 D0  LSB of the unsigned Data
1 2 9 1
)
o
o
 J
° o
Dual in-Line D-Subminiature [ Y
20 Pin Female 15 Conductor 15PinMale [l @
Connector Ribbon Cable Connector [ ®
for SR245 for SR255 @
®
®
®
¢ ®
T I
19 20 l . SIDE VIEW

Figure 19 - Connector Assembly For SR245/SR255 Digital Interface
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SAMPLING SCOPE EXAMPLE

The SR255 Fast Sampler can be used in
conjunction with the SR200 Gate Scanner and an
X-Y oscilloscope to provide sampling scope
operation. Resolution of 100 psec can be
achieved with sample rates up to 50,000 samples
per second.

An interconnect diagram is shown in Figure 20.
The SR200 Gate Scanner is used to scan the gate
delay over 0 to x10 of the selected delay scale.
This scale is set on the SR255 circuit board at 1
nsec, 10 nsec, 100 nsec, or 1 pusec to provide
time-bases with delays of up to 10 pusec. The
maximum delay can be extended by the user by
increasing capacitor C115 of the 1 usec delay
scale. The X-AXIS OUT of the SR200 is used to
drive the horizontal X-axis of the oscilloscope. The

PEN LIFT OUT may be connected to the
oscilloscope to blank the CRT during retrace.

Finally, the SAMPLE OUT of the SR255 Fast
Sampler connecis to the vertical Y-axis of the
oscilloscope to display the sampled signal. The
resolution can be changed by changing the Gate
Width of the SR255 (100 psec, 200 psec, 500
psec, 1 nsec.)

An alternative approach is to substitute the SR245
Computer Interface for the SR200 in the above
example. The A command will generate a ramp on
port 8 which can scan any portion of the delay
range. The sampled output may be read through
the digital ribbon cable between the SR245 and
the SR255, and the sampling scope data may be
displayed on your computer screen.

e Delay Control

SRS

GATE SCAnNER
o0

»oot
s100
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o Ovea asmct
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SCan TIME

[}
3 W

1 30
03 100
a1 2004

STARY POSITION

@

$Can wiOlH

”L0 LIFT QUT

@———— Oscilloscope Blanking

@—— Oscilloscope X Input

e Ogscilloscope Y Input

Figure 20 - Setup For Sampling Scope Example
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TROUBLESHOOTING

First, make sure that the module is plugged all the
way into the NIM crate with both side panels
screwed down, and the NIM crate turned on.
Check to make sure that the crate is providing
+/-12 and +/-24 VDC, +/-2%, with a ripple of less
than 20 mV.

SAMPLING BRIDGE CHECK-OUT

To check if the front end sampling bridge has been
damaged, unplug all cables and terminators from
the SIGNAL IN, SIGNAL OUT, and TRIGGER IN front
panel connectors. Use a battery operated,
hand-held digital multimeter to measure the
voltage present on the center conductor of the

SIGNAL IN front panel connector. Be certain that
the DVM is set to measure volts. If you set the
DVM to measure Q, the DC bias supplied by the
meter may damage the front end of the SR255.
You should measure less than 10 mV on the
SIGNAL IN connector. The unterminated DC input
impedance of the SR255 is 10 KQ, so 10 mV
would indicate 1 pA of leakage current from the
sampling bridge, which is excessive. The sampling
diodes become leaky when subjected to an
excessive input signal.

A damaged front end must be repaired at the
factory. The sampling bridge must be replaced,
the GAIN and OFFSET pots and blow-by
compensation circuits must be re-calibrated, and
new linearization tables must be entered into the
unit's PROM. Contact the factory for details.

Problem

Overrange LED
Stays ON

No Trigger LED

Sample Output
Is Out Of Calibration

Possible Cause

-Unit is not being triggered.

-Input voltage exceeds full scale sensitivity.

-OFFSET pot for selected gate is not adjusted.

-Switches and screw for selected gate width
are not set consistently.

-Sampling bridge is damaged (see above.)

-Trigger rate is too fast.
-Trigger signal is too small, or wrong polarity.
-Trigger signal duty cycle is too high

(Time over threshold > time beneath threshoid.)
-External Delay Control Voltage is negative.
-Intercept pot, P101, is far out of calibration.
-Trigger discriminator, U105, has been damaged.

- GAIN or OFFSET pot for selected gate width
needs adjustment (see calibration procedure.)

-Load too heavy. SAMPLE OUT should not be
terminated into 50Q.

-Switches and screw for gate width selection are
not set consistently, or screw is not tight.

-Sampling bridge is damaged (see above.)
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CALIBRATION

SENSITIVITY AND OFFSET

The object is to calibrate the gain and null the
offset for each of the four gate width settings.
When very precise measurements are required,
the offset may be adjusted each time the gate
width is changed. You may also wish to periodically
re-calibrate all of the gains. These adjustments
must be made with the side panels in place and
screwed down. Throughout this procedure, be
sure that there is at least one meter of cable
attached to both the SIGNAL IN and the SIGNAL
OUT front panel connectors. These cables do not
have to be terminated into 50Q, however the GATE
VIEW output must be terminated into 50Q. Failing

to do this will cause the instrument to see a
reflected portion of the sampling bridge's kickout
signal and so degrade the calibration.

First, select the gate width to be calibrated by
moving the shorting screw to the desired gate
width, and set both sets of SAMPLE WIDTH
switches to the correct positions. ( Only 1 of the
four switches in each switch bank is set to on).
Install the side panels and their retaining screws.
Apply a 1 KHz external trigger and adjust the
OFFSET pot corresponding to the selected gate
width to null the Sample Qutput on the 0.1 V/V
sensitivity scale. If this cannot be done, see the
troubleshooting section for a test to check for
damage of the sampling bridge.

NULL OFFSET ON
0.1V/V SENSITIVITY

ADJUST GAIN ON 1V/V
WITH A 1 VDC INPUT

1000
500
200
100

, GAIN OFFSET e

pS
pS
pS
ps

\ J
a Y
TO CHANGE GATE WIDTHS:

(1) REMOVE BOTH SIDE PANELS

2 SET BOTH ‘SAMPLE WIDTH’ SWITCHES

(3) MOVE KNURLED SCREW AND NUT

“é) PUT BOTH SIDE PANELS ON

(5) ADJUST OFFSET OF SELECTED GATE J
\.

DIGITAL
INTERFACE

PARALLEL
BINARY

D —

DELAY
CONTROL
INPUT

0-10 VDC

MODULE
ADDRESS

16 2
1O
t—

-
nS/v TIME-
10nS/V BASE
100nS/V RANGE
WSV SELECT

THE TiIME DELAY FROM THE TRIGGER TO THE
SAMPLING GATE IS EQUAL TO THE SELECTED
‘TIME BASE RANGE’ TIMES THE VOLTAGE AT THE
‘DELAY CONTROL UNIT’.

WARNING:

CAREFUL.

THIS INSTRUMENT MAY BE EASILY DAMAGED BY A.C. INPUTS GREATER THAN 5 VOLTS, BY
STATIC DISCHARGE, OR BY CONNECTING CABLES WHICH HAVE ACCUMULATED CHARGE
(FROM A PHOTOMULTIPLIER OR FROM A PHOTODIODE BIAS, ETC.) PLEASE BE VERY

Figure 21 - SR255 Side Panel
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To calibrate the gain, select the 1V/V sensitivity
scale and apply 1.00 VDC to the signal input.
Adjust the GAIN pot for the selected gate width to
measure 1.00 VDC at SAMPLE OUT. Repeat this
procedure for each of the four gate width settings.

DELAY CIRCUITS

To re-calibrate the delay circuits remove the right
side panel of the module before plugging into the
NIM crate. Select the 100 nS/V timebase range by
turning on the third switch in the Delay Select
switch bank. The three other switches in this bank
should be off. With no input connected to the
DELAY CONTROL INPUT, observe the position of
the Gate View pulse with respect to a 1 KHz
external trigger. Adjust P101, the Intercept pot, so
that the Gate View pulse is about 10nS from its
minimum delay position. This sets the intercept of
the Time Delay vs. Delay Control Voltage.

Now select the 10 nS/V timebase range and adjust
P102, the Slope pot, so that the Gate View pulse
moves by 100 nS when the Delay Control Voltage
is scanned from 0 to 10 VDC.

BLOW-BY CALIBRATION

To compensate the unit for sampling bridge
blow-by you will need a signal source to provide a 1
volt 500 nS pulse into 50Q. The signal should
have a -0.5 VDC offset, so that the pulse goes
from -5 V to +.5 V. The source must also have a
sync output to trigger the SR255 a few hundred
nanoseconds before its output pulse.

The object of the blow-by compensation is to use
the SR255 in a sampling scope mode of operation
in order to get the best representation of the input

signal. To set up, see section 5 of this manual
which uses an SR200 Gate Scanner to scan the
gate over a 1000 nS range. The SR200 will
provide a voltage ramp from 0 to 10 V to scan the
SR255 delay on the 100 nS/V timebase scale.
The SR200 will provide the X-axis and blanking
inputs to the a scope used in the X-Y mode of
operation, and the SR255 SAMPLE OUT will
provide the Y-axis voltage.

The blow-by compensation can be done on any
width scale. Once set up in the sampling scope
mode of operation, you need only adjust C213
and C214. These are the variable capacitors found
on the teflon PCB at the front of the module.
Remember the position of these trimmers before
you start: the two adjustments are not orthogonal
and you may wish to return to the starting point. To
compensate the blow-by signal, simply adjust
C213 and C214 for the best pulse shape display of
your input signal. |If you are unable to adjust the
blow-by compensation refer to the
troubleshooting section to check for a damaged
sampling bridge.

A/D INPUT OFFSET CALIBRATION

To calibrate the analog to digital converter's input
offset, the SR255 will need to be configured as a
"sampling scope”. Set the gate width to the 100
ps scale, and the delay select to the 1 ns/V range.
Use the SR200 Gate Scanner Module to provide a
5 volt ramp at the delay input. Using the SR255 to
look at the leading edge of a fast 1 volt pulse
(risetime: 1 ns) adjust the 100 ps OFFSET pot so
that the rising edge of your signal is crossing zero
volts on the oscilloscope. Adjust P401 until there
is a smooth and continuous crossing at zero volts.
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CIRCUIT DESCRIPTION

The SR255 Fast Sampler is a single width NIM
module which is used to sample voltage
waveforms with a sampling gate of 100 pS to 1nS.
The module contains all the sub-systems
necessary to discriminate a trigger, insert a
controllable delay, sample an input voltage, do an
A/D conversion, linearize the acquired sample, and
output the result in both analog and digital forms.

In the circuit descriptions which follow, please refer
to sheets 1 through 4 of the schematic diagrams
which are at the back of this manual.

MODULE POWER SUPPLY

The module is powered by the +/- 12 and +/- 24
VDC supplies of the NIM crate. Each supply line is
filtered by a two pole RC filter to reduce noise from
other modules in the crate. These filtered lines are
then regulated to +/- 5 and +/- 15 VDC for use
throughout the module. The approximate current
consumption for each of the NIM supplies is given
here:

+24VDC 100 mA
+12VDC 150 mA
-12VDC 35 mA
-24VDC 110 mA

The module uses approximately 7.5 Watts of DC
power from the NIM crate.

TRIGGER CIRCUITS

The Trigger Input, J101, is a direct coupled 50Q
input. U105, a CA3102 dual differential pair, is
used to compare the input with the threshold
selected by SW101, the TRIGGER LEVEL switch.
Trigger levels of -0.5, +0.1, or +1.0 VDC may be
selected.

Q101 and Q102, together with 1/2 of U106, form a
fast regenerative latch and a constant current
source. Once latched, this circuit will stay latched
until both the trigger goes below threshold and the
HOLDOFF signal is asserted and released.
HOLDOFF is asserted from the time that the unit is
triggered until the unit completes the sample
acquisition and A/D and D/A conversion, a process
which requires about 20 uS. While latched, 1/2 of

U106 provides a constant current sink of 11 mA,
which is used to discharge a delay one-shot
capacitor in order to provide an accurate and very
low jitter time delay with respect to the external
trigger.

TIME DELAY CIRCUIT

The PCB mounted Delay Range Select switch is
used to select one of four delay ranges: 1,10,100
or 1000 nS/V. For example, if the 10 nS/V range is
selected, C113, a 200 pF capacitor, is switched
into the circuit. Before the trigger occurs, C113 will
be precharged to a voltage between 5 and 10
VDC, depending on the input to the External
Delay Control. The delay from trigger to gate may
be set or scanned by a voltage at this input. Once
triggered, the selected capacitor will be linearly
discharged by the constant current source 1/2 of
U106. When the capacitor has been discharged
so that the voltage at the base of Q103 is equal to
the voltage at the base of Q104, then the
regenerative latch formed by Q103, Q104 and 2/2
of U106 will latch up. There are two outputs from
this latch circuit. The TRIGGER signal from the
collector of Q104 (active low) is used to start the
A/D conversion process, and the positive output
from the collector of Q105 is used to trigger the
ultra-fast step generator to initiate the sampling of
the input waveform.

STEP GENERATOR

Sheet 2 shows the schematic diagram of the circuit
used to sample the signal waveform. All of the
components on this page of the schematic are
located on the small PCB mounted at the front of
the module. This PCB is fabricated on a Teflon
substrate to reduce the dispersion which would
occur on a conventional glass-epoxy PCB.

The trigger from Q105 on the main PCB is brought
to the base of Q201 by a twisted pair. The trigger
pulse causes Q201 to go into saturation, thereby
injecting a current of about 50 mA into the base of
Q202 via the 1:1 transformer, T1-1. Q202, which
is normally off, quickly goes into saturation,
shorting its emitter and collector together, creating
a differential output pulse of +/- 15 Volts with a 1
nS risetime. These pulses are then coupled into
the Step Recovery Diode circuit via C202 and
C203.
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The SRD, D201, is normally forward-biased with
about 25 mA via R205, R206, R230, and R231.
The 1 nS risetime differential pulses from Q202 are
applied so as to reverse-bias the SRD. Even
though the SRD is now reverse-biased, it will
continue to conduct for a few nanoseconds until all
the carriers are cleared from the diode's junction.
Once all the carriers are cleared, the SRD will stop
conducting very abruptly, injecting a 10V, 50 pS
risetime differential pulse on the 40Q transmission
line via C204 and C205. The pulse will propagate
in both directions on the transmission line: part of
the pulse is used to provide a Gate View marker
pulse out the front panel connector, J203, and
part of the pulse is used to generate a gate to turn
on the sampling diodes, D202. The step output
from the SRD is turned into a pulse by shorting the
transmission line. The puise width may be set to
100, 200, 500 or 1000 pS by moving the shorting
screw to different locations along the transmission
line.

SAMPLING GATE

The charge sample that is stored on the sampling
capacitors is a.c. coupled to a video pre-amplifier
U201, an LM733, via C210 and C211. The gain of
the pre-amplifier is set by the four switches,
SW201, which are adjacent to the pre-amplifier.
The gain is set higher on narrow gate widths in
order to compensate for the reduced sampling
efficiency of shorter gates.

BLOW-BY COMPENSATION

Whether or not the sampling diodes have been
gated ON, the package and junction capacitance
of the sampling diodes always provide a path from
the signal input line to the pre-amplifier. The signal
which couples to the pre-amplifier in this way is
called the blow-by signal. In order to eliminate the
artifacts caused by this parasitic path, the Blow-by
Compensation circuit produces a signal which
mimics the blow-by signal, and is applied to the
inverting input of the pre-amplifier to cancel the
original blow-by signal.

The blow-by circuit consists of C212 to C218 and
R218 to R224. C213 and C214 are adjusted to
compensate for the unit's particular blow-by
characteristics.

GATED INTEGRATOR AND
SAMPLE AND HOLD CIRCUIT

The differential output of the pre-amplifier, U201,
is brought to the main PCB and a.c. coupled to the
gated integrator via C301 and C302. The
pre-amplifier's output pulse is only a few hundred
nanoseconds long and so it must be sampled and
held for the A/D converter. By using an integrator
before the sample and hold amplifier, high
frequency noise components are reduced: low
frequency noise components have already been
filtered by a.c. coupling between stages.

The gated integrator is formed from the transistors
Q301 to Q307, and their associated bias resistors,
R301 to R321. Q301 and Q302 form a differential
input amplifier which takes the pre-amplifier's
differential outputs and produces a differential
current source. Q302's current is mirrored by
Q307 and R319 to R321. In this way the
pre-amplifier may adjust the current sources to the
gated integrator. The current switching gate is
formed by Q303 to Q306. Normally, Q303 and
Q306 are on, while Q304 and Q305 are off. When
the module is triggered, the one-shot, 1/2 of
U301, produces a 300 nS gate which is applied to
the current switch. Capacitor C304 integrates the
difference in the currents from Q301 and Q307
during the 300 nS gate.

Before the current switch directs the current
imbalance to the integrating capacitor, the current
sources Q301 and Q307 are balanced and the
common collector output of Q303 and Q306 is at
zero volts. This balance is maintained by 4/4 of
U304 which adjusts the bias on the base of Q301.
An offset may be injected via R328 and 1/2 of
U306. U306 selects one of the four OFFSET pots
corresponding to the selected SAMPLE WIDTH.
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The voltage on the integrating capacitor is
amplified by U302, an LM318 high speed op amp.
The op amp's gain is controlled by SW301 which is
the front panel SENSITIVITY switch. Since the
integrating capacitor is passively reset by R322
with a time constant of 5 uS, the output of the
LM318 is sampled and held by C306 and 1/4 of
u303.

The S/H ampilifier has a gain which may be adjusted
by one of the four gain pots, P302. There is a
different gain pot for each gate width, and the
correct pot is selected by 2/2 of U306. These pots
are adjusted to produce a full scale output when a
full scale input is applied at the Signal Input.
Linearization, and a more accurate gain calibration,
is done by computer at the factory, and the results
of the calibration are stored in the module's PROM.

The output of the sample and hold is passed to a
comparator (U305, an LM311) to generate a sign
bit. The sign bit is (1) used to select a PROM
lookup table for linearization, (2) used to select the
polarity of the Last Sample output buffer, and (3)
latched into the digital interface latch. The output
of the S&H ampilifier is also passed to an absolute
value circuit to rectify the signal before the A/D
conversion.

TIMING LOGIC

As previously described, a TTL logic level signal,
TRIGGER, (active low, source at Q104 onSheet 1)
is generated when the programmable delay times
out. The falling edge of this signal is coincident
with the sampling of the input signal. TRIGGER is
used to trigger 1/2 of U301, a 300 nS one-shot,
used to switch the gated integrator, and to trigger
the 2/2 of U303, a 1 usec one-shot. This one-shot
turns on the switch, 1/4 of U303, in order to
sample and hold the output of the gated
integrator. The trailing edge of this signal is
delayed by R405 and C401 before triggering the
A/D converter, U404, After 14 uS, the conversion
is complete, and the A/D triggers 1/2 of U405 to

37

generate a 1 uS END strobe. The trailing edge of
the END strobe will trigger 2/2 of U405, a 10 mS
one-shot, which turns on the TRIG LED on the
front panel of the instrument.

A/D AND PROM LINEARIZATION

The absolute value of the sample and hold
integrator signal is converted by U404, an 8 bit A/D
converter. When the conversion is complete, the
8 bits of data serve as an address to U406, an 8
KByte UVEPROM. The PROM contains the
linearization tables for converting the raw 8 bits of
data from the converter into 8 bits of linearized and
gain corrected data. There are 24 different tables
of 256 bytes each burned into the PROM. The
tables are addressed by the other address bits
presented to U406, i.e. by the width, sensitivity
and sign bits. )

The PROM's output is passed to U409, an eight bit
latch and tri-state buffer IC, to be latched for access
via the digital /O port. The PROM data is also
passed to U412, an 8 bit D/A converter. The
current output from the D/A converter is convenrted
to a voltage by 2/4 of U411. This voltage is scaled
and buffered by 3/4 of U411 before going to the
front panel Sample Output. The Sample Output is
inverted if the SIGN bit for the latest conversion is
positive. The SIGN bit is latched by 1/2 of U415
which drives 3/4 and 4/4 of the analog switch U303
in order to configure the output buffer as an
inverting or non-inverting output driver.

The four most significant bits from the PROM go to
2/2 of U403. If all four bits are high, the output of
2/2 of U403 will be high, and an overrange
condition will be indicated. 2/2 of U415, a D-type
flip flop, will iatch this overrange condition and
drive the front panel OVER LED. The voltage
reference for the A/D and the D/A conversion is
U410, a precision 10.240 VDC reference. This
reference is inverted and attenuated to -5.12 VDC
for the A/D reference input.
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INTRODUCTION

The SR245 Computer Interface is a versatile
module capable of providing a variety of the
scanning, counting, and communications
functions typically required in the laboratory. It is
remotely programmable via both RS232 and GPIB
rear panel connectors and can be used with
laboratory computers or simply with a terminal.
Eight front panel analog ports can be programmed

as inputs or outputs with a range of +10.24 volts.
Two front panel digital input/output bits are
provided for general use as well as an eight-bit
digital input/output port accessible via an internal
20 pin dual in-line connector. The digital ports can
be used to interface the SR245 with the SR255
Fast Sampler module. A variety of simple, easily
understood commands eliminate the need for
extensive software development to integrate the

SR245 into existing experiments.

Figure 22 - SR245 Front Panel

SRS SPECIFICATIONS
coupurizl'n:renncz
ANALOG PORTS
@ ACTITY Inputs 1 MQ input impedance, +10.24 VDC range; protected to
®ERHOH 40 VDC. 13-bit resolution (2.5mV). Accuracy: 0.05%. Input
offset less than 2.5 mV. Maximum A/D rate is 2 KHz.
1 @
© Outputs Output impedance less than 1Q. Short circuit current limit
. is 20 mA. 13-bit resolution (2.5mV). Accuracy: 0.05%.
2 . Output offset less than 2.5mV.
S, o DIGITAL PORTS
3 G Input Bits Input impedance greater than 100KQ. Minimum pulse width
' is 200nS. Maximum count rate is 4MHz. Logic one > 3 VDC.
. ‘ 5 Logic zero < 0.7 VDC. Inputs protected to +10 VDC.
Z v
. : Output Bits Can drive loads up to 50Q to TTL logic levels.
s (\
" Internal 20 Pin 8 latched TTL output bits with strobe bit.
=\ O Connector 8-bit TTL input port with strobe bit.
¢ Y
, INTERFACES Both IEEE-488 Std Port and RS232-C(300 to 19.2Kbaud).
< 1
! s SYSTEM Z80-A pP @ 4 MHz. 8K ROM, 8K RAM. VLSI counters,
) COMPONENTS UART, and |IEEE-488 adapter.
s (@
Q GENERAL
| Power +24/60mA, -24 / 60 mA, +12/500 mA, -12/20 mA,
@ ° 8 Watts total. Power from Model SR280 Mainframe or
{ ¢ a NIM standard crate.
5 H Mechanical Single width NIM module per TID-20893.
A\~ LI Dimensions 1.35"x8.714"x11.5".
Warranty One year parts and labor on materials and workmanship.
Swanlod
Russaich Systems
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SETUP & OPERATION

TRYING OUT THE SR245

Before attempting any detailed programming with
the SR245 it is best to get a feel for the type of
functions the module provides by using it with a
terminal. If one is available, connect a terminal with
an RS232 port to the RS232 port on the rear of the
SR245. The unit is shipped with its internal
configuration switch set for 9.6 kbaud operation. If
your terminal requires a different baud rate it will be
necessary to open the side panel and readjust the
configuration switch according to the values in
Figure 23. After setting the correct baud rate and
connecting the terminal, turn the unit on. The
green ACTIVITY light will flash for a second or two
indicating that the SR245 is performing its internal
hardware test routines and the sign-on message
will appear at the terminal giving the version
number of the ROM supplied with the unit. The
red ERROR LED may also momentarily flash when
the power is turned on; this does not indicate any
problem with the unit. If the sign-on message is
not displayed, consult Appendix A, Example1 for
more detailed instructions. The last characters
displayed will be the prompt 'OK->'. This indicates
that the SR245 is ready to accept commands.-

Now type the command ?1 followed by a carriage
return. The SR245 responds by sending to the
terminal the characters 0.000 indicating that the
voltage at port 1 is O volts. In general, the
command ?n causes the the SR245 to send back
the value at the nth analog port. Now we will use
the unit to output a voltage we can read with the ?
command. Type the command l4<cr>. This
causes the SR245 to configure the first 4 analog
ports as inputs, with the remainder becoming
analog output ports. For instance, if we wish to set
the voltage at port 8 equal to 5.0 volts type
S8=5.0<cr> (Set port 8 equal to five volts). We can
read the voltage just set by typing ?8<cr> which will
return with the value 5.000. Note that the ?<n>
can be used to read the voltage at a port
regardless of whether it is configured as an input or
an output. The ability to use the eight analog ports
as either inputs or outputs gives the SR245
tremendous flexibility in laboratory situations. At
this point, the user should review Figure 24
containing the complete command list for the
SR245, and experiment with a few of the
commands.

COMMUNICATING WITH THE SR245

The SR245 is programmed by sending it strings of
ASCIl characters via the RS232 or GPIB
connectors. The choice of RS232 or GPIB, as well
as the details of the actual communications
interface used (parity bits, GPIB address, baud
rate, etc.) is made by setting the 8 configuration
switches inside the unit according to the table in
Figure 23. The configuration switch is read only
when the unit is turned on or after a GPIB ‘device
clear message is received. Thus, changing the
value of the switch without clearing the unit or
turning it off and on again has no effect. Once the
SR245 receives characters over either bus, it
looks for the ASCII carriage return character, which
signals the end of a line of commands, and
processes the commands. Within a given line,
there may be many individual commands; these
must be delimited by the semicolon (;) character.
For instance if we wanted to know the voltages on
all of the analog ports we could send the command
string:

71;72;73;74;75;76;?7;?8<cr>

and the unit would respond by returning all the
port values. It is not necessary in most cases to
wait until the SR245 has finished processing a
given line of commands before sending the next:
the unit automatically queues the commands and
executes each as it is ready. (An exception to this
occurs when the unit is operated in synchronous
mode.)

The various commands cause the unit to either
alter its internal state or send various values back
over the bus. Values which are sent by the SR245
are also in the form of strings of ASCII characters
followed by a string of terminating characters,
usually carriage returns and line feeds. For
instance, in responding to the ?1 command the
unit might send the string 2.357<cr> to indicate
the value 2.357 volts. The choice of terminating
characters is determined by whether the SR245 is
used in the RS232 or GPIB mode and whether the
‘echo’ feature is in use. In addition, special
terminating sequences may be specified by using
the Z command. The default terminating
sequences for each of the various modes is
shown below. Note that in the GPIB mode the final
terminating character is accompanied by the EOQI
(End or Identify) message.
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e ™\
Setting The Configuration Switch

RS232 Operation GPIB Operation
Bit Setting Explanation Bit Setting Explanation
8 OFF Set RS232 operation 8 ON Set GPIB Operation
7 ON Echo mode (terminal operation) 7 ON RS232 Echo mode for GPIB

OFF  Disables echo (computer operation) OFF GPIB operation without Echo
6 ON Two stop bits 6 ON 2 stop bits for RS232 echo.

OFF  One stop bit OFF 1 stop bit for RS232 echo.
5 ON Enable parity 5

(8 data bits and 1 parity bit) 4
OFF  Disables parity 3 GPIB address for module (see below)
(8 data bits and no parity bit) 2

4 ON Even parity 1

OFF  Odd parity
3
2 } RS232 Baud Rate (see below) GPIB Address Bit5 Bit4 Bit3 Bit2 Bit1
1

0 OFF OFF OFF OFF OFF

Baud Rate Bit3 Bit2 Biti 1 OFF OFF OFF OFF ON

2 OFF OFF OFF ON OFF
300 Baud OFF OFF ON .

600 Baud OFF ON OFF
1200Baud OFF ON ON .
2400Baud ON OFF OFF 28 ON ON ON OFF OFF
9600Baud ON ON OFF 29 ON ON ON OFF ON

19.2 Kbaud ON ON ON 30 ON ON ON ON OFF

RS232 Example GPIB Example

RS232 Operation GPiB Operation

Echo Mode No Echo

Two Stop Bits Two Stop Bits (Not Used,

Disable Parity 3
Odd Parity (Not Used)
? GPIB Address = 16

9600 Baud

Figure 23 - The Configuration Switch
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DEFAULT TERMINATION CHARACTERS

interface Echo No Echo
RS232 CR, LF CR
GPIB CR,LF (EO)) CR,LF (EQI)

Note that the terminating characters are sent with

each value returned by the SR245. Thus, in
responding to the command string ?1;?B1;?3<cr>
while in the RS232 non-echo mode, the unit
would send a string such as 2.000<cr>1<cr>
4.875<cr>.

Some commands deal with byte quantities, such
as the internal 8-bit digital input/output ports.
These vaiues are both sent and received as ASCII
coded decimal quantities. For instance, if the user
wished to set the value of the digital output port to:

Bitt 76543210
Setting: 00010110

he would send the command SD=22<cr> because
00010110 binary is equal to 22 decimal. Likewise,
if the same binary value were present at the digital
input port and the command ?D was sent, the unit
would respond by sending the string 22<cr>.

FRONT PANEL LEDS

The green front panel LED flashes when the
SR245 is sending or receiving information over the
RS232 or GPIB interfaces. If the green light
remains on while the SR245 is not receiving
commands, it indicates that the SR245 is trying to
send data over the bus but cannot. This will occur,
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for instance, if the RS232 ‘clear to send’ line is
never asserted, or in the GPIB mode if the unit is
never made a talker after requesting data. The red
front panel LED flashes whenever an error has
occurred, such as an undefined or illegal command
string, an A/D overflow, or missed data.

ECHO AND NO ECHO OPERATION

In order to allow the SR245 to be operated from a
terminal, an echo feature has been added which
causes the unit to echo back commands received
over the RS232 port. This feature is enabled by
setting bit 7 of the internal configuration switch
ON. In this mode the SR245 will send linefeeds in
addition to carriage retums with each value and will
also send the prompts 'OK->' and 'ERR->' to
indicate that the previous command was either
processed or contained an error. When the unit is
controlled by a computer, the echo feature should
be turned off to prevent the sending of spurious
characters. The echo feature can also be used
with the GPIB as explained in the section on GPIB
operation.

DTE AND DCE OPERATION

The SR245 contains an internal jumper plug which
allows it to emulate either a DTE (terminal) or a DCE
(modem) while operating in the RS232 mode. The
unit is shipped as a DCE so that it may immediately
be connected to a terminal for check out. if it is
desired to configure the unit as DTE {connection
to many computers will require this) simply pull out
the jumper plug from the socket marked 'DCE' on
the circuit board and plug it into the socket marked
'DTE'. The plug is located at the rear of the board
directly behind the RS232 connector.

Note: With newer GPIB cards you may have to
add \r to the end of a command to get a proper
<Cr>.
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PROGRAMMING

In this section, each of the SR245 commands will
be discussed in detail. Commands are denoted by
boldface characters. The brackets < > indicate that
the item named inside the brackets is to be sent
with the command. The brackets are never sent as
part of an actual command string. Figure 24
provides a brief summary of all the SR245
commands. The symbol <cr> denotes an ASCII
carriage return character.

INPUT / OUTPUT COMMANDS

The SR245 contains three types of input/output
ports accessible to the user: the eight analog
input/output ports which are referred to simply by
their number, 1 through 8; the two front panel bit
input/output ports, referred to as B1 and B2; and
the 8 bit digital input/output port which is referred
to as D. The basic format for interrogating and
setting the value of each of these types of ports is
the same. To interrogate a port, the command
?<port name> is sent. For instance, to interrogate
the value of B2 the user would send ?B2<cr> and
the SR245 would respond by sending back either
'1" or '0" depending on whether the value at B2 was
TTL high or low. To set the value of a port, the
command S<port name>=<value><cr> is sent.
Thus, to set port 6 to 3.456 volts, we would send
the command S6=3.456<cr>. The analog ports
may have any value between -10.237 volts and
+10.237 volts, the digital bits B1 and B2 are either
TTL low or high, and the value of the digital port D
may range from 0 to 255.

Certain commands allocate the ports as either
inputs or outputs. When the unit is turned on, or
after a MR (master reset) command is received,
analog ports 1 through 8 and both B1 and B2 are
configured as inputs. To configure only the first n
analog ports as inputs, with the remainder
becoming outputs, the command l<n><cr> is sent.
The two front panel digital bits are configured as
outputs simply by setting them equal to the
desired value, e.g. SB2=1<cr> configures B2 as
an output and sets its value to TTL high. To
reconfigure the bits as inputs, the command
SB<n>=l<cr> is used. Note that certain commands
automatically reconfigure the input/output status
of B1 and B2 regardless of their previous value.

For instance if the PB1 command is sent (Pulse Bit
1), B1 is reconfigured as an output even if SB1=I
had been previously sent.

SYNCHRONOUS AND
ASYNCHRONOUS MODES

The SR245 can operate in one of two modes,
called the synchronous and asynchronous modes,
which dictate when the unit will send back the
requested values in response to a ? command. in
the asynchronous mode, the power on default
mode, the unit returns each value immediately
after it is requested. Setting synchronous mode
operation allows the SR245 to respond to certain
commands only in response to an external trigger
signal. When the synchronous mode is set using
the MS command, front pane! bit 1 (B1) is
automatically configured as an input and reserved
for use as a trigger. In this mode, when a ?
command is sent, the SR245 will wait until a trigger
is received at B1, at which time it will sample the
requested values and send them back over the
bus. A ‘trigger' consists of the falling edge of a
standard TTL pulse. Note that all the commands
on a given line are processed after the first trigger
following the carriage return which delimits that line
of commands. In other words, if the string
?1;72;?3<cr> is sent in the synchronous mode the
unit will wait for a trigger and then send the values
of ports one, two, and three.

While the SR245 is waiting for a trigger, commands
may be sent to it normally. If operating in the
RS232 echo mode, the next 'OK->' prompt will not
be displayed until a trigger is received and the
previously requested values are sent. Note that if
another string containing ? commands is received
while the unit is still waiting for a trigger to send
back the result from a previous ? command, the
first command is flushed and the next trigger will
cause the unit to respond only to the latest ?
command.

TRIGGER COMMANDS

Certain commands modify the properties of the
trigger input. For instance, if the user wishes every
nth pulse at B1 to trigger the unit, he can give the
command T<n><cr> while in the synchronous
mode. The value of n can range from 1 to 32767.
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A trigger can be induced without externally pulsing
B1 by sending the PB1 command (Note that this
will leave B1 configured as an output.) The trigger
can be masked by sending the command DT
(disable trigger). To re-enable the trigger after this
command has been sent, the command ET
(enable trigger) is used.

PULSING COMMANDS

Both B1 and B2 can be used as general purpose
TTL pulse sources using the P command.
Sending PB1<cr> or PB2<cr> configures the
appropriate bit as an output and outputs a 10usec
positive TTL puise. The SR245 may be
programmed to act as a 'divide by n' counter by
sending the command P/<n><cr> when the unit is
in the synchronous mode. This command causes
the SR245 to output a 10usec pulse on B2 every
nth trigger. Note that the effects of the T
command and the P/<n> commands are
cumulative. Thus, if the user had set T10 and then
gave the command P/5, a pulse would be output at
B2 for every 50th input puise at B1.

COUNTING COMMANDS

The SR245 may be used as a general purpose
counter using the C and ?C commands. Sending
the C command configures B2 as an input and
initializes the counter. Sending ?C<cr> causes the
SR245 to return the number of pulses counted at
B2 and clears the counter in preparation for a new
count. Note that the C command does not have to
be sent before each ?C , but if B2 is ever
reconfigured as an output the C command must be
sent to reinitialize the counter before using ?C
again. The maximum count rate is 4MHz. The
maximum count is 65,535. The counter ‘'wraps
around’ to 0 and continues counting after the
maximum count is reached.

SCAN COMMANDS

One of the most useful features of the SR245 is its
ability to independently read the input ports and
store a series of data points. The scan command
format is:

SC<pornt 1>,<port 2>,...<port n>:<num of triggers>

A maximum of 8 ports may be specified. This
command causes the unit to sample and store the
values of specified input ports each time a trigger is
received. This process is repeated for the number
of triggers specified in the command. For instance
if we wanted to scan the values of ports 1 and 3 as
well as the digital port for 100 triggers we would
give the command:

SC1,3,D:100

The eight analog ports and the 8-bit digital port
may be scanned in this manner. The two bits B1
and B2 may not be included in the scan command.
When the required number of triggers has been
received, the SR245 stops scanning and sets the
'scan finished’ bit (bit 4) in the status byte. To stop
the scan prematurely, the command ES (end scan)
may be used. The number of triggers received
since the scan started is returned by the ?N
command which may be sent any time during the
scan. Other commands may be sent while a scan is
in progress, but, since processing these
commands takes time, this practice is not
recommended, especially at scan rates close to
the maximum. The maximum scan rates, as well as
the maximum number of points in a scan is shown
in the table below.

Maximum Scan Parameters (SC Command)

#of ports Maxtrigrate  Max # of triggers
1 2.1 KHz 3711
2 1.3 KHz 1855
3 910 Hz 1237
4 740 Hz 927
5 600 Hz 742
6 510 Hz 618
7 440 Hz 530
8 390 Hz 463

Once a scan has been completed the user may
read the stored values with the N (next point)
command. Each time the N command is sent, the
SR245 returns the next value in the scan. The
value of the ports are sent in the same order as
they were specified in the scan command. Thus if
SC4,6,1:50 were sent, the scan points would be
sent in the following order:
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Command List
mman T<n> n=1t032,767 [T3] Designates every nth
pulse at B1 as atrigger.
l<n> n=0-8 Designates the first n analog ports as
inputs, the remainder become outputs. Default is 18. DT Masks the trigger input so that no triggers are
recognized.
?<n> n=1-8 [?3;?5] Returns the value of the
designated analog port. ET Unmasks the trigger input.
?B<n> n=1,2 [?B1] Returns the value (0 or 1) of PB<n> n=1,2 [PB2] Outputsa 10usec TTL puise
the designated digital bit port. at bit port n.
2D Returns the value of the internal 8 bit digital input P/<n> n=1-255 [P/3] Outputs a 10psec TTL pulse
port. at B2 each nth trigger.
?S Returns the value of the status byte, and clears nomman
the status byte.
SCc<ci>,<k>:<n> i.k=1-8,D0 [SC1,3,D:500]
C Configures B2 as an input and resets the B2 Scans the list i..k of analog ports or digital port for n
counter. triggers. Total # of samples may not exceed 3711.
?C Returns the number of pulses occur ring at B2 ES End the current scan immediately and reset the
since the previous 7C. point sending counter.
S<nN>z=<X> n=1-8; x=-10.237 to +10.237 N Send the next point of stored scan.
[S8=6 or S2=-41.5E-2] Sets the analog port n (which
must be designated as an output) to the value x Volts. ?N Returns # of points scanned.
x may also be expressed in exponential format with a
two digit exponent preceded by an E. A<n>,<ci> n=1-255;i=1-255 [A16,2] Adds nx
2.5mV to the value of analog port 8 (must be a
SB<ns=<m> n=1,2; m=0,1 [SB1=1] Designates positive output) on every ith trigger.
digital bit n as output and sets its value to TTL low if
m=0 or high if m=1. SSci>,<k>:<n> i.k=1-8,D [SS1:10] Scans the
list i..k of analog ports or digital port for n triggers.
SB<n>=l n=1,2 [SB2=I] Designates the Data is sent in a 2 byte binary format while the scan is
selected bit as an input. in progress.
SD=<n> n=0-255 [SD=128] Sets the 8-bit digital X Sends the data of a stored scan in 2 byte binary
output port to the value n. format.
SM=<n> n=0-255 [SM=16] Setsthe GPIB SRQ Miscellan mman
mask to the value n (See GPIB discussion).
MR Master Reset. Returns the SR245 command
Trigger Commands settings to their default values.
MS Sets the synchronous mode. Responses to W<n> n=0-255 Introduces a delay of
? commands are returned immediately after the next approximately n x 400pusec before sending each
trigger. character over the RS232. Default is W255. Allows
slow peripherals to keep up.
MA Sets the asynchronous mode (default).
Responses to ? commands are returned right after Z<i>,<k> [Z13,13] Changes the end-of-record
command is received. characters sent by the SR245 to those specified by
the ASCII codes, i...k. )

Figure 24 - The SR245 Command List
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port 4 at 1st trigger
port 6 at 1st trigger
port 1 at 1st trigger
port 4 at 2nd trigger

port 1 at 50th trigger

The N command may not be sent while a scan is in
progress. If N is sent after the entire scan has
already been read, a ‘command parameter out of
range' error is generated setting bit 2 in the status
byte and blinking the red LED, and no value is
returned. The 'next point' pointer can be made to
point to the beginning of the scan at any time by
using the ES command. The pointer is
automatically reset to the beginning of the scan
following completion of a scan.

The SR245 has a limited capacity to ramp one of its
analog output ports during a scan. The command
A<n>,<m> causes the unit to add n x 2.5 mV to the
value of port 8 (port 8 must be configured as
output) at each mth trigger. Using the A command
reduces the maximum trigger rate by about 20%.
The starting value of port 8 should be set using the
S8= command and port 8 must have been set as
an output with the | command. Both m and n may
range from 1 to 255. When the output reaches its
maximum value of +10.237 volts it ‘wraps around'
and begins ramping at 0. The A command may not
be sent when the value of port 8 is negative. This
ramping output may be used to drive, for instance,
the 'external delay' input of the SR250 boxcar
integrator.

RECEIVING DATA WHILE SCANNING:
THE SS COMMAND

it may sometimes be desirable to receive scan data
from the SR245 while a scan is in progress. This
can be accomplished with the SS command:

SS<port 1s>,<port 2>,...,<port n>:<num of
triggers>

When this command is received the SR245 begins
scanning the designated ports as in a normal scan.
Instead of storing the data so that it may be read
back later the SR245 sends each scan point over
the bus as it is read. The values of the ports are
not sent as ASCII characters in this case. Analog

ports are sent as 2 binary bytes which represent a
sign bit and 12 data bits. The first byte sent
contains the sign bit (1=negative, O=positive) in
the bit 4 position and the high 4 data bits in bits 3
through 0. The second byte sent contains data
bits 7 through 0. The analog voltage may be
reconstructed by multiplying the signed integer by
0.0025 volts. The digital port value is sent as a
single byte preceded by a dummy identifier byte
with a value of OFFH (11111111 binary). At the
conclusion of the scan, two dummy bytes with the
value OFFH are sent when in the RS232 mode. In
the GPIB mode, the last byte is sent with the
End-or Identify message (EOI).

When the SS command is given, the user should
be prepared to read the data which is being sent
by the SR245 as fast as it is being accumulated.
Untransmitted data bytes are temporarily buffered
up to a maximum number of 7420. If the number of
unread data bytes exceeds 7420, the scan is
stopped and a 'missed data’ error is generated.
Note that the normal restrictions on the number of
points scanned do not hold for the SS type of
scan. The only restriction in this case is that the
total number of bytes sent during the scan must be
less than 65535. The number of bytes may be
calculated simply by multiplying the number of
points in the scan by the number of ports scanned
at each point times 2 bytes per port. Thus,
S§81:25000 is a legitimate command since it only
requires sending 50,000 bytes.

Because the SS command may require that the
user be able to acquire unformatted binary data at
high data rates, it will not be usable with all
languages or with all computers. Special I/0
drivers may be necessary to take advantage of this
feature. Examples of how this is done are
provided in Appendix A. If the additional power
provided by the SS command is not required, the
user may acquire data in a much simpler manner
using the SC and N commands.

FAST TRANSFER OF SCAN DATA:
THE X COMMAND

When many data points are acquired during a scan,
the amount of time necessary to transfer the scan
data to the user's computer using the N command
may become significant. To allow for faster transfer
of scan data, the X command can be used to cause
the SR245 to send the entire scan over the
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RS232 or GPIB lines in binary format. When the X
command is received, the SR245 first waits for
approximately 37*W mS to allow the user's
computer time to prepare for the incoming data. W
here is the 'wait’ value that is set using the W
command. After waiting for this time period, the
SR245 begins sending the stored scan data, byte
by byte, in the same format used in the SS
command; i.e. the first byte contains the sign bit
and the 4 high data bits, and the second byte
contains the low 8 data bits. The digital port value
is sent as a single byte preceded by an 'identifier
byte' equal to OFFH (11111111 binary).

If, at any point during the scan dump, the SR245
has to wait for more than 9@ mS for the ‘clear to
send’ signal in the RS232 mode or for 'ready for
data’ (RFD) from all listeners in the GPIB mode, the
scan dump is abandoned and the remainder of the
data is not sent. Thus, using the X command
requires the user's computer to become a
dedicated listener while the data is being
transterred. When all the data has been sent, the
SR245 finishes the dump by sending two
terminating 'FF (hex)' bytes in RS232 or a single
'FF (hex) byte with the EOl message in GPIB. Note
that these terminating characters are always sent

when the X command is used and are not affected .

by the choice of terminating characters made with
the Z command.

INTERFACING WITH THE FAST SAMPLER

Commands are provided which allow the SR245 to
scan the SR255 Fast Sampler module. Consult
the SR255 section of this manual for information.

MASTER RESET

The MR (master reset) command resets the unit to
its default state. All ports are configured as inputs.
Any data which is waiting to be sent is lost.
Therefore it is bad practice to place a MR command
on the same line following a ? command as the unit
will send an indeterminate number of characters in
response to the ? command before processing the
MR command and flush the remainder of the
response.

WAIT COMMAND

The SR245 normally waits until the "Clear to Send’
line on the RS232 bus is asserted before sending
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characters over the bus. However, as some
peripherals may not bother to set and reset the
CTS line, it is possible for the SR245 to send data
out at a rate too fast for some computers and
terminals to handle. The SR245 may be 'slowed
down’ using the W command. Sending W<n><cr>
(0<n<255) causes the unit to wait about n x 400
usec before sending each character over the
RS232 bus. Note that the default setting for the
wait parameter is W255. Thus, to operate at the
fastest data rate over the RS232, it is necessary to
set the wait parameter to some lower value each
time the unit is powered on.

SETTING THE TERMINATION
SEQUENCE: THE Z COMMAND

Although the default terminating characters
described above will suffice for interfacing the
SR245 with a wide variety of hardware and
software, it will occasionally be necessary to send
special terminating sequences to fit the
requirements of some computers. This can be
done with the Z command. The format for the
command is:

Z<n1>,<n2>,<n3>,<n4>

where n1, n2, n3, and n4 are decimal values
between 0 and 255 corresponding the the ASCII
codes of the desired termination characters. For
instance, if we wanted to send each value followed
by the ™' character (ASCIi 42), two carriage retums,
(ASCII 13) and a line feed (ASCII 10) we would
send:

Z42,13,13,10

If a 71 command was received after this command
had been sent and the voltage at port 1 was 2
volts, the string of characters sent back by the
SR245 would be 2.000*<cr><cr><lf>. Up to 4
terminating characters may be sent with the
command. Note that the Z command only affects
the characters sent by the SR245. Command lines
received by the SR245 must always be terminated
by the carriage return character regardless of the Z
command.

For GPIB, the 'E’ character (ASC!l 69) has special
significance. Requesting 'E' as part of a
terminating sequence causes the character
preceding the 'E' to be sent with the end or
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identify (EO!) message (an ASCII 'E' will not be
sent.) The 'E' character should always be the last
character in the terminating sequence when using
the GPIB; when not using the GPIB-RS232 echo
mode, the 'E’ character must be the last character
in the terminating string.

STATUS BYTE

The SR245 contains an 8-bit status register which
the user may read to obtain information on the
unit's status. The status byte may be read in two
ways: by sending the ?S command, which returns
the value of the byte in ASCII coded decimal, or
when using the GPIB, by performing a serial poll.
The status byte returned by the unit reflects all of
the status conditions which have occurred since
the last time the byte was read After the status byte
has been read, it is cleared by the SR245. Thus, in

situations where it is critical to monitor a status
condition, the status byte should be read initially to
clear all previous conditions. The status bits are
described in detail in Figure 25.

ERRORS

Whenever a 'parameter out of range' or an
'unrecognized command' error occurs, the
appropriate status bits are set and the red LED
flashes. In addition, the command queue is reset
so that any commands which were pending at the
time the error occurred are not executed. Note
that an 'A/D overflow' or a ‘missed data’ error do not
reset the command queue or interrupt the
processing of commands. In the former case, the
overflow value is stored as 10.237 volts and in the
latter, the scan is continued even though triggers
are being missed. It is the user's responsibility to
check for these errors.
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The Status Byte
Explanation

Busy. When this bit is set it indicates the SR245 has one or more unprocessed
commands pending on its command queue. For RS232, this bit is always high as the
?S command will itself be an unprocessed command.

SRQ. This bit indicates that the SR245 has requested service from the GPIB
controller. This occurs when one of the status bits which the user has 'unmasked'
with the SM= command is set. The SRQ bit is reset when the controller performs a
serial poll and reads the status condition which generated the SRQ.

Trigger received. Indicates that the SR245 has been triggered.
Scan finished. This bit is set at the completion of a scan.

Missed data. This bit is set when the trigger rate in the synchronous mode
exceeds the allowed maximum (see Note 1.)

Command parameter out of range. This bit is set if a parameter associated with
acommand is not in the allowed range. For instance, S8=45 or SC1:10000 will both
generate out of range errors (see Note 2.)

A/D overflow. This bit is set whenever the unit reads a value at one of the input
ports which exceeds +10.237 volts.

Unrecognized command. Indicates that the unit has received an illegal
command string (see Note 3.)

Missed Data 8) S command specifies an analog port

External trigger rate is too fast. configured as an input.

Command queue overflow. 9) Parameter in | command is >8 or <0.
Transmission buffer overflow. 10) Analog value in S command is >10.2375
Available buffer space exceeded in SS volts or <-10.2375.

command.

11) Parameter in SD command is >255 or <0.
12) Parameter in SM command is >255 of <0.

Parameter Out of Range 13) Try to set nonexistent port or bit with S

Scan command designates more than 8 command.

ports to be scanned. 14) Parameter in SB command is <0 or >1.
Number of scan points specified in the SC 15) Time out on X command.

command is 0 or greater than the maximum 16) N command received during a scan.

allowed.

SS command requires sending greater than
64k bytes.

17) X command received during a scan.

Note 3: Unrecognhized Command

The A command is sent when port 8 is <0. 1) lllegal character in a command string.
Either parameter in A command is >255 or 2) <cr> or ;' not detected at end of command.
second parameter =0. 3) Non numeric value detected in a numeric
Any parameter in Z command is >255. string.

?C command is sent when B2 is an output. 4) '='character missing in S command.

Figure 25 - The Status Byte
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COMMUNICATIONS

INTRODUCTION TO RS232

The RS8232 is a standard for bit serial
asynchronous data communication. The standard
defines the format for data transmission, electrical
specifications for signal levels, and mechanical
dimensions of connectors.

Despite the existence of a definition of a standard,
there are so many permutations of control lines,
data formats, and transmission speeds, that
getting two RS232 devices to communicate
usually requires some work. In this section, we will
provide some basic information to aid you in
connecting your RS232 device to the SR245
Computer Interface.
1 - The Simpl nfigurati

In this case, one wire is used to send data from
device A to device B and another wire is used to

isa DTE. The SR245 may be configured as either
a DTE or a DCE by placing the 16 pin header on
the circuit board in either the DTE or DCE socket. -

As an example, consider connecting an RS232
ASCIl computer terminal to the SR245 (specific
details are contained in Example 1 of Appendix A.)
The terminal will be DTE and so the SR245 header
must be in the DCE socket. To operate correctly,
the SR245 and the terminal must have the same
settings for baud rate, parity, and number of stop
bits. Even set correctly, it may not work as there
are other lines in the RS232 Standard which are
used to indicate that a device is ready to accept
data. If the terminal responds to this line, it will
believe that the SR245 is not ready to accept data
and will therefore not send any data.

- RS232 With rol Lin

The data lines are the same as in Case 1. In

addition, two control lines are used:

send data from device B to device A (Figure 26.) CTS ‘Clear To Send' is a signal asserted by
Notice that pin 2 is an output on device A and an (Pin 5) the DCE to tell the DTE that the DCE
input on device B. The RS232 defines two types is ready to receive data.
of devices; DTE (Data Terminal Equipment) and
DCE (Data Communications Equipment). An DTR ‘Data Terminal Ready' is a signal
RS232 port on a computer may be either a DTE or (Pin20)  asserted by the DTE to tell the DCE
DCE but nearly every terminal with an RS232 port that the DTE is ready to receive data.
2 2
ouT - IN
Case 1 DEVICE NS < 3lout DEVICE
. . . A B
The Simplest Configuration
P 9 (DTE) (DCE)
out 2—p—2]In
Case 2 DEVICE IN 3 < 3 ouT DEVICE
A B
RS232 With Control Lines 5 S
(DTE) e TN glz (DCE)
R ——

Figure 26 - RS232 Communication
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The SR245 responds to the control lines as
follows:

1) If the lines are not connected, the SR245
assumes that you are ready to receive data.

2) Data will not be transmitted from the SR245 if
the DTR line (pin 20) is low (SR245 configured
as a DCE) or the CTS line (pin 5) is low (SR245
configured as a DTE). This is useful in the case
when your program has asked for data but is not
yet ready to receive it. If data transmission is not
suspended, then data can be overwritten in the
UART (it is not being retrieved by the program)
and therefore lost. When this happens, the
‘over-run’ flag will be set in your computer's
UART and it may be recognized by the
operating system generating an error message
such as "lI/O Device Error". See the "W"
command in the Command List (Figure 24.)

Baud Rates

The RS232 baud rate of the SR245 is switch
selectable from 300 to 19.2K baud (see
configuration switch setting Figure 23.) 19.2K
baud means that data is transmitted at 19,200
bits/second. With one start bit, 2 stop bits, 8 data
bits, and no parity bits, each ASCIl character

15V —

43—

requires 573 usec to be transmitted (11bit/19.2K
baud.) A typical data string 5.127 <cr> has 6
characters, requiring 3.4 msec to be sent, resulting
in a maximum data transfer rate of 290
samples/sec. If the SS or X command is used,
then the transfer rate is increased to about 1000
samples/sec.

Stop Bits

Generally, selection of 2 stop bits will result in
fewer data transmission errors.

Parity

The Parity bit provides a check against data loss.
They are not commonly used in a local data
transmission environment. If the parity option is
selected, the SR245 will transmit 8 data bits and a
parity bit, however, no parity check of incoming
data is done.

Voltage Levels

The RS232 uses bipolar voltage levels (Figure 27.)
The control lines use positive logic. For example,
the DCE tells the DTE that it is clear to send (CTS)
by placing >+3 VDC on pin 5 of the interface.
Similarly, the DTE can tell the DCE that it is not

‘SPACE'
DATA LINE: BINARY '0' OR START BIT
CONTROL LINE: ASSERTED OR 'ON'

oV

A5V — A

'MARK'
DATA LINE: BINARY '1"OR STOP BIT
CONTROL LINE: INHIBIT OR 'OFF

Figure 27 - RS232 Voltage Levels
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ready by placing -3 VDC on pin 20 (DTR) of the
interface. The data lines, pins 2 and 3, use
negative logic. A 'zero' bit is represented by a
positive voltage and a 'one’ bit is represented by a
negative voltage. A start bit is a positive voltage
and a stop bit is a negative voltage. Data is
transmitted with the least significant bit first. The
letter 'A’, which has the ASCIl code 41H (0100
0001), would appear as in Figure 28. If a parity
option was selected, the parity bit would be sent
after the 8th data bit, but before the first stop bit.

‘Eavesdropping'

When you are trying to get the RS232 to work with
your computer, it is helpful to be able to
‘eavesdrop’ on the RS232 data lines going
between the SR245 and the computer. This can
be done with an ASCIl RS232 computer terminal
and the connector shown in Figure 29. To test the
connector, place the hook clip on pin 2 of the
same connector (shorting pin 2 to pin 3). Now,
when you type at the terminal keyboard, data
transmitted from pin 2 is received at pin 3 and
displayed on the terminal screen. To use as a
debugging tool, attach the hook clip to either pin 2

le 1.14ms @ 9600baud

D-Subminiature
25 Pin
RS232 Connector

Hook Clip
| ) To Pin 2 or 3 of RS232
3 |'_\——-|j
| S
5
20

Figure 29 - Eavesdropper

or pin 3 of the RS232 data lines to show either data
sent from the DTE or DCE (The hook clip may be
placed on one of the top 2 lines in the DTE/DCE
Header in the SR245). The baud rate, parity, and
stop bits of the terminal must match those of the
SR245 and the computer. If your terminal has a
mode which will display control characters (such as
carriage returns and line feeds) it is helpful to
operate in that mode.

¥

- |e104ps
+5V
1 0 0 0 0 1 0
-5V o
T T
Start Bit 1 MSB 1
LSB Two Stop Bits

Figure 28 - The Letter 'A’
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INTRODUCTION TO GPIB

The IEEE-488 Standard specifies the voltage
levels, handshake requirements, timing and
hardware details, including pinout and connector
dimensions, for a 16 line byte serial bit parallel bus
configuration. One major characteristic of this
interface is that many instruments may
communicate over the same cable and through the
same port. Also, because the bits are passed in
parallel, it offers speed advantages over the
RS232 (about 20 uS per byte).

The controller (generally your computer)
coordinates data transfer on the bus by
designating all participating instruments (including
itself) as either a talker or a listener. Listeners can
receive data placed on the bus by the Talker.
Devices can have the capacity to operate in either
mode. The address of each device is set by
switches in the device and must be between 0 and
30.

BUS DESCRIPTION

BYTE TRANSFER CONTROL GROUP. This
consists of 3 negative logic lines that implement
the GPIB handshaking. The NRFD (Not Ready For
Data) line is held low by any designated listener
who is not ready to accept data. When every
listener is ready, the line goes high and the talker
may release data to the bus. After data is on the
bus, the talker pulls the DAV (Data Valid) line
down. At this point, each listener retrieves the
data. Before and during the retrieval of the data,
the listener holds the NDAC (No Data Accepted)
line down. When every listener has received the
data, the NDAC line goes high, allowing the talker
to release the DAV line high. Finally, the listener
pulls down the NDAC line until another transfer is
initiated.

DATA BUS: There are eight data lines which use
negative logic and pass the bits of each byte in
paraliel.

GENERAL INTERFACE LINES: These five lines
operate independently of the handshake lines and
use negative logic.

1) The EOI (End or Identify) line is used by the
talker to designate the end of message.
2) The SRQ (Service Request) line is used by any

device to ask for service. The controller can serial
poll each device (each device returns an 8 bit
status byte) to determine who needs attention. It
can also do a parallel poll using the EOl and ATN
lines where each device is assigned a single data
line.

3) The ATN (Attention) line makes both talkers and
listeners accept information and passes control of
the DAV line to the controller. This line is used by
the controller to identify talkers and listeners
through their addresses.

4) The REN (Remote Enable) line changes the
status of an instrument from local to remote.

5) The IFC (Interface Clear) line clears the bus of all
data and activity.

A complete description of the General Purpose
Interface Bus is beyond the scope of this manual.
The user should consult the manual for the
particular GPIB controller he is using for specific
information on how to send and receive characters
over the bus, how to perform serial polls, etc.
Instead, we will look at those features and
commands of the SR245 which relate specifically
to the GPIB.

GPIB CAPABILITIES OF THE SR245

The GPIB capabilities of the SR245 consistent with
IEEE-488 standard (1978) are shown in Figure 30.
Note that the unit has no parallel poll capability.
The responses of the SR245 to some of the
IEEE-488 standard commands are shown in Figure
31.

Code Function

SH1  Source handshake capability

AH1  Acceptor handshake capability

T5 Basic Talker, Serial Poll, Unaddressed
to talk if addressed to listen

L4 Basic Listener, Unaddressed to listen
if addressed to talk

SR1  Service request capability

RLO  No remote-local capability

PP0O  No parallel poll capability

DC1  Device Clear capability

DT1 Device Trigger capability

Figure 30 - SR245 GPIB Capabilities
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e ~
moni Command R245 r n
DCL Device Clear Equivalent to Power On
SDC Selected Device Clear Equivalent to Power On
GET Group Execute Trigger None in Asynchronous Mode
In Synchronous, same as a trigger at B1
SPE Serial Poll Enable Places status byte on bus and clears status byte
\. Wy,
Figure 31 - SR245 Response To Standard GPIB Commands
SETTING THE ADDRESS status byte. If, during the course of a scan, the unit

The GPIB address of the SR245 is set using bits 5
through 1 of the configuration switch. Bit 5 is the
most significant bit, and setting a given switch 'ON'
is equivalent to making it a binary 1. The unit is
shipped configured for RS232 operation so the
configuration switch must be set the first time the
unit is used with the GPIB.

SERIAL POLLS AND SERVICE REQUESTS

The status byte sent by the unit when it is serial
polled is the same status byte which is read using
the ?S command. Of course, when the SR245 is
serial polled, it does not encode the status byte as
a decimal number. The user can program the
SR245 to generate a service request (SRQ) to the
controller every time a given status condition
occurs. This is done using the SM=<n> command.
The mask byte M which is set with this command is
periodically logically anded with the status byte. If
the result is nonzero, the SR245 generates a
service request and leaves the status byte
unchanged until the controller performs a serial
poll to determine the cause of the service request.
When the unit has been serial polled, it loads a
new status byte which reflects all of the status
conditions which have occurred since the service
request was generated. For instance, suppose we
wanted to generate a service request each time a
scan was finished or the SR245 missed data. We
would send the command SM=24 since 24
decimal is 00011000 binary which corresponds to
the 'missed data’ and 'scan finished' bits in the

was triggered too fast and missed data, a service
request would be generated. If the unit serial
polled the SR245 before the scan finished, then
the first serial poll would reveal only the ‘missed
data' condition, after which the SR245 would load
the new status byte reflecting the 'scan finished'
condition and generate a new service request. ltis
particularly useful to use the SM command to
unmask the 'Scan Finished' bit. This eliminates the
need to use the ?N command to detect the
completion of a scan, increases the maximum data
rate and leaves your computer free for other tasks
during the scan.

GPIB RS232 ECHO MODE

It is sometimes useful when debugging a GPIB
system to have some way of monitoring exactly
what is going back and forth over the bus. The
SR245 has the capability to echo all characters
sent and received over the GPIB to its RS232 port.
This mode of operation is set by turning bits 8 and
7 of the configuration switch ON. This will
automatically configure the RS232 port for 9600
baud, no parity operation. The number of stop bits
is still user selectable with configuration switch bit
6. Of course, since the RS232 port operates at
much lower speeds than the GPIB is capable of,
the GPIB cannot be operated at high data rates in
this mode. It is useful, however, for determining if
what is actually being sent to the SR245
corresponds to what is supposed to be sent to the
SR245.
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TROUBLESHOOTING

1) SR245 Problem. If, when the power is initially
applied, both the RED and GREEN LED's come on
and stay on, then the SR245 memory is defective
and the unit should be returned for service.

2) BRS232 Eavesdropping. This is described in the

communications section at the end of the RS232
description..

3) Emulating the SR245 with a Terminal. When
trying to debug RS232 interfaces, it can be useful
to substitute an RS232 terminal for the SR245.
This will allow you to both see what is being sent to
the SR245 by the program, and supply responses
to the computer via the terminal's keyboard
(responses normally sent by the SR245).

For a computer with an RS232 port configured as a
DCE, simply substitute the terminal (a DTE device)
for the SR245. For a computer with an RS232 port
configured as a DTE (i.e. the ASYNC port on the
IBM PC) a "null modem" cable is necessary to
connect the computer terminal to the DTE port.
This cable is made by swapping lines on the
RS232 to allow two DTE devices to be connected
together (Figure 32).

-1 »
—1l 2 2 d
3 X 3
DTE 4 4 DTE
Device S X 2 Device
6 6
J 20 x 20
[ ] L_

Figure 32 - Null Modem Cable

4) GPIB Eavesdr r. When debugging an
IEEE-488 (GPIB) interface, an ASCII terminal (9600

baud only) may be used to view the GPIB
transaction on the RS232 connector of the SR245
when the Echo switch (switch 6) is on. A GPIB
extender is helpful in allowing the simultaneous
connection of GPIB and RS232. When using this
technique, the W0 command should be sent to
the SR245 so that the GPIB will not be
unnecessarily slowed by the terminal. The SR245
must be configured as a DCE so that it may talk to
the terminal, a DTE device.

5) Program 'hanging’ due to hardware problems.
When your computer and the SR245 are talking, it

is very easy for the system to "hang."” This may
occur because the computer is waiting for a
response from the SR245 which does not come
because:

a) The RS232 or GPIB cable was not attached or
has come loose.

b) The configuration switches are not set properly
(Baud rate, parity, stop bits, GPIB address conflict).
Also, the switches can be set correctly, but the
power must be turned off and then on again
before the SR245 will read them.

¢) The 16 pin Header to select DCE or DTE is not
in the correct socket.

d) Your computer requires a control line of the
RS232 to be asserted, but you are only using two
wires for your cable.

6) Program 'hanging’ due to software problems:
a) The SR245 is in the "Mode Synchronous" and

is waiting for a trigger input before sending data.

b) The command from the program asking for data
was invalid, or a transmission error occurred (ex.
we have observed Microsoft's interpreted BASIC
on the IBM PC occasionally send a curly bracket
(ASCII OFDH) instead of a carriage return (ASCII
0DH). When this happens, the SR245 sends no
response as it is waiting for the carriage return to
end the command.

c) The initial command was invalid because of a
"garbage character” which was sent by the
computer when it was turned on. It is good
practice to send several carriage returns and a ?S
when the program starts to clear out bad characters
and any resulting errors.

d) The SR245 is not sending the correct 'end-of-
record' marker for your computer. For example, it
appears that Microsoft's Rev 3.2 FORTRAN onthe
IBM PC under DOS 2.0 requires two carriage
returns for an end-of-record marker. The Z
command can be used to set the SR245
end-of-record marker to 2 carriage returns. [The
end-of-record marker is that sequence which
indicates that the response is complete. From the
keyboard, a single carriage return is the
end-of-record marker.]

e) Answers are coming back from the SR245 too
fast, overwriting the end-of-record markers, and
causing the computer to hang waiting for a
complete response. In this case, the W command
can be used to slow down the response time of
the SR245 preventing overwriting.
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f) The command, though formatted correctly, was
invalid due to incorrect initializing of the SR245
relative to the command: for example, S8=2 is an
invalid command if port 8 has not been designated
an output port. Note that a previous program or
user can leave the SR245 initialized in a variety of
configurations incompatible with your program.
Including a MR in your program is good protection
against this situation.

g) The command, though formatted correctly, was
invalid due to parameter limitations such as:
SC1:4000 overruns the memory; "S8=",A where
the program has set A = 11 and is out-of-range;
and A6,1 when port 8 was left at -1 volt.

h) A command was sent too early, as in asking for
N prior to completing the scan.

i) The command was invalid due to syntax errors.
These errors can occur simply, as in using ","
instead of ";" to separate commands, or more
obscurely, such as "S",A,"=5" where A is a variable
which produces an error because it is sent with
leading blanks. Leading blanks are allowed for
variable settings, but not in command codes.

7) Incorrect Data. Finally, your program may
successfully run but produce invalid data. This can
occur through A/D overflows or missed data due to
the trigger rate being to fast. In these cases, the
red ‘error' LED will flash but program execution will
not be interrupted.

CALIBRATION

~ There are only two pots which are used to calibrate
the SR245. These pots control the gain of the
unit's DAC for negative and positive outputs. To
calibrate the unit you will need a 4 1/2 digit
voltmeter with a dc accuracy equal to or better than
0.02%, and an ASCIl RS232 computer terminal.

Before starting, record the switch settings and the
DCE/DTE jumper location so that the unit may be
easily returned to service following calibration. To
start, establish communications between the
SR245 and the computer terminal by selecting the
same baud rates, parity bits and stop bits. For a
9600 baud terminal with no parity bit, 8 bit data
word and 2 stop bits, set the SR245 switches as in
the RS232 example of Figure 2. Also, make sure
that the jumper header is in the DCE position
(bottom socket, near the back panel RS232
connector). Connect the terminal to the SR245's

RS232 connector with a cable that has (at least)
pins 2, 3, 5, 6 and 7. When the unit is piugged into
the NIM crate and the crate's power turned on, the
SR245 sign on message should appear on the
terminal screen.

The object of the calibration is to set the gain of the
DAC output for negative and then positive
outputs. The calibration must be done in that
order--negative first, then positive.

Connect the 4-1/2 digit voltmeter to analog output
#1. Select the 20 VDC full scale range. Enter the
commands as shown below (use the return key at
the end of each line). In this procedure, the minus
signs are important. [Comments are in square
brackets]

OK-> 10 [No inputs, all outputs]
OK-> 81=-0.1 [Setoutput #1to -0.1 VDC]

Now, place the voltmeter in the relative position to
null any offset which may be present (if your DVM
does not have a relative button, you must
remember the offset voltage: the object is to make
the difference in the two readings equal to 10.000
VDC). Then send the command to set the output
to -10.100V.

OK'> S1 = -1 01

Now, adjust P1, the top pot near the channel 3
input, so that the difference between the outputs
reads -10.000 +/- .002 VDC.

Then send the command to set the output to
+0.100V.

OK-> 81=01

Again, toggle the DVM's 'relative’ button in order to
null any offset. Then send the command to set the
output to +10.100V.

OK-> 81 = 101

Now, adjust P2, the lower pot near channel #8
input BNC, so that the difference between the two
output values is 10.000 +/- .002 VDC.

When the calibration is completed, return the
switch settings and the DCE/DTE jumper to their
original positions.
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CIRCUIT DESCRIPTION

The SR245 is a microprocessor based instrument
which may be used to input and output analog and
digital voltages. The analog /O is via front panel
BNC connectors (8 channels); digital I/O is via front
panel BNC connectors (two bits) and by a printed
circuit board mounted 20 pin dual in-line connector
(8 bits of input and 8 bits of output with strobes).
The SR245 may be interfaced to computers by
either the IEEE-488 (also known as the GPIB or
HPIB) or by the RS232. The communication
interface is defined by setting the configuration
switch on the circuit board.

Analog voltages may be read or set over +10.2375
VDC with a resolution of 2.5 mV, and an accuracy
of +0.05%. Digital bits may be set, reset, tested
and counted. One front panel bit is also used to
synchronize data acquisition when the unit is
programmed to acquire scans.

MICROPROCESSOR AND DIGITAL 1’0
SR245 Schematic Page 1

The instrument uses a Z80-A CPU, U1. An 8K
byte ROM, U2, is used for program storage and an
8K byte RAM, U3, is used for buffer memory. A
power-on-reset circuit, C3 and U36, will restart the
program whenever the unit is plugged into the NIM
bin, or when the bin is turned on. The CPU is
clocked at 4 MHz by a crystal control oscillator,
U17. This clock is also divided down to generate
other frequencies that are used by the
communications circuits.

All of the I/0 ports and VLSI devices are I/O
mapped. U11, U18 and U19 serve as an I/O port
decoder to select one device during 1/0
operations by the processor.

The 8 configuration switches are read through the
octal buffer U12. (There are other hardware
consequences of reading this port: the 12 bit DAC
is cleared and the 8 bit offset DAC is loaded. More
about this in the analog description.)

The 8253-5 programmable timer, U5, may be read,
set and programmed by the Z80-A. This IC has
three programmable counters: two are used to
count digital pulses at the front panel BNC inputs,
and the third is used to generate the x16 baud rate

57

clock for the RS232 UART. This baud rate is
derived from the 4MHz clock input.

The front panel digital bits may be read through
part of U13, an octal tristate buffer. U13 also reads
the "compare” bit (used in A/D conversion) and
the DCE/DTE bit (from the RS232 interface).

The 8 bit digital I/O port, whose connector may be
accessed by a ribbon cable from the rear of the
module, is read through U14, an octal buffer. The
separate 8 bit output port is set by an output to
U186, an octal latch and driver. An input from U14
will generate a 600 nS, active low strobe signal
which indicates that the input port is being read.
This signal, "RD I/O", appears on pin 2 of the 20
pin connector. An output to U16 will generate a
600 nS, active low strobe signal, "WR /0", which
appears on pin 19 of the 20 pin connector. This
signal indicates that the new data has been written
to the 8 bit output port.

An 8 bit output latch, U15, is used to set the front
panel digital bits high, low or off. When off, the bit
may be used as an input. To see how this works,
notice that when both bits Q0 and Q1 of U15 are
low, transistors Q3 and Q4 are both off, so digital
input #1 is a high impedance input which may be
read by U13 or counted by U5. If bit QO is set high,
transistor Q4 will be forced into saturation,
grounding the digital output #1 through the
current limiting 50 ohm resistor, R7. If bit Q0 is set
low, and bit Q1 set high, then digital output #1 is
pulled high by the emitter of Q3. The output
current is limited by R6 to provide short circuit
protection.

Other output bits of U15 are used to control the
green ACTIVITY LED, D2, the red ERROR LED,
D3, and to control certain aspects of A/D and D/A
conversion (the 'POLARITY' and 'SAMPLE' bits).

ANALOG 1/0
SR245 Schematic Page 2

A single 12 bit digital-to-analog converter, U20, is
used in all of the analog input and output
operations. A precision 10.240 VDC reference,
U38, is used as a voltage reference for the 12 bit
DAC. The DAC is loaded by the Z80, 4 bits at a
time. A final write operation is used to transfer the
12 bit input to the DAC's internal control register.
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An op amp (the first 1/4 of U26) is used to convert
the DAC's output current to a voltage. In addition
to the current from the 12 bit DAC, current from an
eight bit DAC, U32, is summed at U26. This eight
bit DAC is used to correct for offset errors which
can accumulate as analog voltages pass through
buffers, inverters, S/H amps and comparators.
These offsets are carefully measured after the unit
is manufactured, and values to compensate for
these offsets are placed in the unit's ROM. At the
start of any A/D or D/A conversion, the 12 bit DAC
is cleared and the appropriate offset byte is loaded
into U32 to eliminate the unwanted offset.

The DAC voltage may be inverted or not inverted
by the 2/4 of U26 under the contro! of the
POLARITY bit. If the polarity bit is low, the 2/4 of
U26 is a precision inverter; if the polarity bit is high,
it is a precision unity follower.

The DAC voltage may be multiplexed to one of
eight sample and hold output amplifiers [U27, U28]
which can provide analog outputs to the front
panel. The processor refreshes these S/H
amplifiers every few mS.

For a channel to become an output, the
appropriate switch in U24 or U25 must be closed.
When the switch is closed, current from the
particular S/H amp will pull the front panel output to
the programmed level. The analog switch's
channel resistance (a few hundred Q) is effectively
eliminated by the high open loop gain of the S/H
amp. Analog outputs have a measured resistance
of less than 1Q. The processor can select zero to
eight of the channels as outputs.

A/D CONVERSION

The processor uses the offset-corrected 12 bit
DAC to do analog-to-digital conversions on the
inputs by programmed successive approximations.
The processor selects 1 of 8 channels by the
analog multiplexer, U23. The selected voltage is
buffered by the 3/4 of U26 and sampled by the
S/H amplifier (U21 and 4/4 U26.) This analog
sample is passed to the comparator, U31, to be
compared with outputs from the DAC. The
processor will cause the DAC output to converge
to the analog sample with 13 tests of the
COMPARE bit (sign plus 12 bits) by the method of
successive approximations. The A/D conversion
process takes about 300uS.

The ADC may be done on a channel whether it has
been set as an input or an output. As inputs, the
channel impedance is 1Mp (RN4). The input
buffer amplifiers are protected from excessive
inputs by the 10Ku resistors of RN3.

COMMUNICATIONS INTERFACES
SR245 Schematic Page 3

RS232 INTERFACE

The RS232 interface uses an 8251 UART (U4) to
send and receive bytes in a bit serial fashion. Any
standard rate between 300 and 19,200 baud may
be selected with the configuration switches. The
x16 baud rate clock to the UART comes from the
8253 programmabile counterftimer. A 2 MHz clock
to the UART is derived from the 4 MHz CPU clock
by U9. The number of stop bits and parity format
can also be specified by the configuration
switches. The RS232 interface can be configured
as either DTE (Data Terminal Equipment) or DCE
(Data Communications Equipment) by moving a 16
pin jumper assembly between two sockets on the
circuit board. When a data byte is received by the
UART, the RxRDY output is set high, which
interrupts the Z80A in order to remove the
character from the UART's receiver data register.

GPIB INTERFACE

The interface between the SR245 and the GPIB is
provided by the GPIB controller chip, U6, an
MC68488. GPIB data and control lines are
buffered by the bus drivers U7 and U8. The
controller chip uses a TMHz enable clock which is
derived from the 4MHz CPU clock by U9. /O
transaction between the CPU and the controller
chip must be synchronized to this 1MHz clock:
U10 causes this synchronization to occur by
making the CPU wait for up to 1uS whenever the
controller chip is selected by the CPU.

The controller chip will interrupt the CPU whenever
a transaction occurs on the GPIB which requires
the CPU's intervention (such as the GPIB
requesting data from the SR245). Most GPIB
transactions, including transactions with other
instruments, do not require the CPU's
intervention. The SR245's address on the GPIB is
set by the configuration switch when power is
applied to the SR245.
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INTRODUCTION

The SR235 Analog Processor module provides an
analog output, F(x), which is formed from its analog
inputs, A and B. The argument, x, is selected from
A, B, A-B, AxB/10, 10xA/|B|, or ¥(A2+B2). This
argument may be filtered with a time constant from
0.3 ms to 30 s, or left unfiltered. The function may
be any of x, x2, Vx, In}x], -dx/dt or (-dx/dt}/100.
Finally, an output gain from 0.1 to 20 may be
selected. 5In(10A/B) for example, is available at
the output.

SRS SPECIFICATIONS

ANALOG PROCESSOR
SH 235

A and B Inputs

F(x) Output

2
x X

i

-9s/al
alal 00

~ga/ai

OUTPUT GAIN Frequency Range

The instrument provides many of the analog
processing functions which are needed in an
analog data acquisition system. The module may
be used to ratio analog voltages, find peaks in
experimental scans, linearize exponential decay
curves, compress analog signals in order to
increase dynamic range, or simply to amplify a
signal.

Input impedance of 1MQ. Operating range of £ 10 Voilts,

ARGUMLNT = X
o protected to 100 Volts. Input offset voltage is less than
s WA/ 2mv
Argument X Select A, B, V(A2+B2), A-B, AxB/10, or 10A/|B|.
Gain Selectable gain from 0.1 to 20 in a 1, 2, 5, sequence.

+ 10 Volts linear range. Output impedance is less than 1Q.
Short circuit limits at 20 mA.

Over Range Indicator Lights when input, output, or any intermediate signal is
greater than £ 10 Volts.

-dx/dt to 10 Hz, (-dx/dt)/100 to 1 KHz, V(A%+B?) to

v 2

Accuracy
©® OVER RANGE
A INPUT
7z
o
8 et Power
©)
mH
F(x) OUTPUT
= Mechanical
Slanloid Warranty

Husearch Syslems

t247120 —24/80

Figure 33 - SR235 Front Panel

20 KHz, and all others from dc to 50 KHz.

Gain 2%, rms sum 3%, difference 1%, multiplication 2%
of full scale, division (with denominator >0.1) 3% of full
scale; In]x|, x2, Vx are accurate to + 20 mV referenced to
the input or at the output, whichever is less; -dx/dt and
(-dx/dt)}/100 5%.

+24 V / 120mA, -24 V / 80mA. 5 waltts total.
Power from a NIM standard crate or from the
Model SR280 mainframe.

Single width NIM Standard per TID-20893.
Dimensions 1.35" x 8.71" x 11.5".

One year parts and labor on materials and workmanship.

59
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OPERATION

The SR235 Analog Processor performs a wide
variety of operations on one or both of the two
analog inputs labeled 'A’ and 'B’. The functions
'F(x)' available at the output are: x, x squared, log
of the absolute value of x, square root of x, the
time derivative of x, and the derivative of x divided
by 100. The argument 'x' is chosen from A only, B
only, the rms sum of A and B, the difference of A
and B, the product of A and B divided by 10, and
the quotient of A and the absolute value of B
multiplied by 10. This argument may be filtered
with a time constant from 0.3 ms to 30 s, or it may
be left unfiltered. In addition, the output may be
multiplied by a gain factor ranging from 0.1 to 20.
Thus many complex operations may be performed
simply by selecting among the various functions,
arguments, and gains available at the front panel
(Figure 33).

] F CONTR AND INDICATOR

ARGUMENT-X: a six position switch for
selecting the argument of the function provided to
the F(X) OUTPUT. The arguments which may be
chosen are: A, B, V(A2+B2), A-B, AxB/10, and
10A/|B|.

ARGUMENT FILTER: a twelve position switch
for selecting time constants from .3 ms to 30 s in
at, 3, 10 sequence. When the selector is placed
in the 'OFF' position the argument is left unfiltered.

FUNCTION: a six position switch for selecting
the function provided to the F(X) OUTPUT. The
functions which may be chosen are: x, x2, Vx, Injx|,
-dx/dt, and -(dx/dt)/100.

OUTPUT GAIN: an eight position switch which
allows a gain factor of .1, .2, .5, 1,2, 5, 10, 0r 20 to
be applied to the output.

OVER RANGE: a red LED which lights
whenever the input, output, or any intermediate
signal exceeds + 10 V.

OUTPUT CHARACTERISTICS

LOAD

The Analog Processor output can drive loads as
small as 1 KQ to full scale, and its output
impedance is less than 1 Q.

FREQUENCY RESPONSE

Most functions of the Analog Processor are
capable of processing signals with frequencies up
to at least 50 KHz. The frequency response of the
rms adder rolis off at about 20 KHz. Bode plots for
a few other functions are given in Figures 34-39.
Figure 34 gives frequency response verses gain
for arguments A, B, and A-B. The frequency
response of the derivative circuits .is plotted in
Figure 35. A differentiator has a gain which is
proportional to frequency, and so is sensitive to
noise at high frequencies. In order to reduce this
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